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Executive Summary

This document presents the Remedial Investigation and Focused Feasibility
Study (RI/FFS) for the Quendall Terminals property, a 23-acre parcel located
on the eastern shore of Lake Washington in Renton, Washington. The
property has had various industrial uses since the early 1900s and has been the
subject of an extensive series of environmental investigations starting in 1971.
These investigations have indicated that the property is heavily contaminated
from coal tar refining activities that occurred there between 1917 and 1969.
The contaminated areas include onsite soil and groundwatgj^ areas of dense
nonaqueous-phase liquid (DNAPL), and the Lake J||ishî on shoreline and
sediments. Primary contaminants foundU^ the^^^^re PAHs, benzene,
DNAPL, and wood waste. The Washiipon Sta^^^^^oent ojyjfcology
(Ecology) has assigned the site a hazard

re;

ited to purchase, clean up,
lowever, each of these

contamination at the
ities posed by the site,

iprovements required for
opportunities offered by the

of Renton (City) recognized that
come an important and valuable

source to the City if cleaned up and
has continued to work to develop an

tendall Terminals property to beneficial use for

Since the early 1970s, various parties ha?
and redevelop the Quendall T
efforts has proved unsuccessful bee
site, difficulties in addressing
and the extensive infrastruc
site redevelopment. In li
location, size, and nai
the Quendall Terrain
asset towlhe citize
redej
effect?
the comnr

^ ^..the Quenlll|prerniinals property serves as a cornerstone for
/elopment opPfmuch larger area that could include three other adjacent

Srcels offering^ redevelopment opportunities (i.e., the J.H. Baxter and
ipany property located to the north, the Barbee Mills property located to

the Pan Abode property located to the southeast). In addition,
idall Terminals property and adjacent properties include unique

shoreline and nearshore habitat that contrasts sharply with the otherwise
heavily developed nature of Lake Washington. This relatively undeveloped
shoreline offers opportunities for enhancing natural habitat and permanent
public shoreline access.

To take advantage of these opportunities, the City intends to enter into the
Prospective Purchaser Agreement (PPA) process with Ecology to facilitate the
remediation and redevelopment of the Quendall Terminals property. Under
the proposed plan, the City would purchase the site from the current owners
and remediate the site using funding from city, state, federal, and private
sources. If the City is successful in managing the environmental risk at
Quendall Terminals, future plans include providing permanent shoreline

JAGCO-02438-770 vm



Executive Summary

access through a waterfront park and selling the remaining upland portions of
Quendall Terminals to a private developer for a mixed-use development.

The successful cleanup and redevelopment of the Quendall Terminals
property will provide benefits to the citizens of the State of Washington and
the City. These benefits include management of environmental risk at a site
situated on a shoreline of statewide significance that has a hazard ranking of 1
on Ecology's Hazardous Sites List; creation of approximately 0.25 mile of
permanent shoreline access for the public, with additional adjoining shoreline
access possible at the adjacent sites; shoreline and lak^bottom habitat
restoration that will benefit salmonids and o^W^^ldlife (including
endangered species); and both direct and^mdkec^^^^mic benefits to the
City and State.

This RI/FFS provides necessary doc
summarizes existing information regafl
conditions as derived from the extensi
reviews the potential human health
the qualitative and numerical rem<
cleanup requirements, and theorem
the cleanup goals.

Based on the informati;
remedi

PPA. It
uses, characteristics, and

investigations. It also
isks posed by the site,
used to determine site

'es identified to implement

and^afTalyzed in the RI/FFS, the following
contamination at the site:

inants in soil, the entire surface of the site will
l-thick clean soil cap or pavement, buildings, or

''placed on the soil surface that would similarly
jsure to residual contaminants in soil. DNAPL-
will also be excavated from selected areas of the site.

. will be treated and returned to the excavations.

fntaminants in sediments, the sediments and nearshore soil from
eas will be dredged and treated. These excavated areas will be

backfilled with treated or clean materials. These areas include the vicinity of
the T-dock where sediments are affected by PAH compounds and the
nearshore area affected by a DNAPL seep. In addition, sediments containing
more than 50 percent wood waste will be dredged. Because this action will
restore the lake bottom to its approximate original contours, these areas will
not be backfilled. Certain other sediments containing less than 50 percent
wood waste may be covered with a cap of 1-ft maximum thickness, consisting
of imported clean fill and/or treated sediments and soils. The extent of this
cap will be determined based on toxicity testing that is currently scheduled for
summer 2000.

JAGCO-02438-770 IX



Executive Summary

Requirements for compliance sampling and ongoing monitoring and
maintenance activities are also specified in the preferred remedial alternative
described here.

JAGCO-02438-770



1 Introduction

1.1 Scope and Purpose
This Feasibility Study (FS) is intended to address environmental
contamination problems associated with the Quendall Terminals property.
The objective of this report is to assess the nature and extent of chemical
impacts to the site and to present a protective remedial alternative for the site
that satisfies Ecology's evaluation criteria provided in MTCA (WAC 173-
340-360).

This document summarizes existing informatie
characteristics, and conditions as derived fedp^prex
includes a description of more recent
potential human health and enviror
qualitative and numerical remedial actil
cleanup requirements, and the remec
identified to be implemented to satisfy toe rerr$

•ding site uses,
investigations and

Tws the
site, the

etermine site
lologies and alternatives

tion objectives.

1.2 Project Backgrou
Since the early 1970s, vari
and redevelop the Quej
efforts has proved

hav||||pmpted to purchase, clean up,
inals Jroperty; however, each of these

the following three reasons:

on at the site,

ties to reach agreement given the undefined
environmental remediation, and

for extensive transportation infrastructure and
improvements in connection with redevelopment.

Jight of uniqge' opportunities offered by the location, size, and nature of the
Jhe C^r°f Renton (City) recognized that the Quendall Terminals

Id become an important and valuable asset to the citizens and a
"revenue source to the City if cleaned up and redeveloped. As a result,

the City has continued to work to develop an effective plan to restore the
Quendall Terminals property to beneficial use for the community.

The Quendall Terminals property is located at the center of three other
adjacent parcels offering redevelopment opportunities (Figure 1-1; J.H. Baxter
and Company property to the north, Barbee Mills property to the south, and
Pan Abode property to the southeast). Thus, the Quendall Terminals property
serves as a cornerstone for redevelopment of a much larger area. In addition,
the Quendall Terminals property and adjacent properties include unique
shoreline and nearshore habitat that contrast sharply with the otherwise
heavily developed nature of Lake Washington. This relatively undeveloped

JAGCO-02438-770 1-1



Draft Remedial Investigation and Focused Feasibility Study - Quendall Terminals Property, Renton,
Washington

shoreline offers opportunities for enhancing natural habitat and permanent
public shoreline access.

To take advantage of these opportunities, the City intends to enter into the
Prospective Purchaser Agreement (PPA) process with Ecology to facilitate the
remediation and redevelopment of the Quendall Terminals property. Under
the proposed plan, the City would purchase the site from the current owners
and remediate the site using funding from city, state, federal, and private
sources. If the City is successful in managing the environmental risk at
Quendall Terminals, future plans include providing permanent shoreline
access through a waterfront park along the entire adraceny$Koreline area and
selling the remaining upland portions of^uendj^^^minals to a private
developer for a mixed-use development.

the
the State o a s h i n g t o n and

igement of environmental
's Hazardous Sites List

Second, the cleanup

The successful cleanup and redevelop
property will provide benefits to the cit
the City. Foremost, the cleanup would/
risk at a site that has a hazard ranking ol
and is situated on a shoreline of stajS
and redevelopment would lead^^^^^^mofapproximately 0.25 miles of
permanent shoreline access Jorthe gBMc^^^^ditional adjoining shoreline
access possible at the adjjgent site^ Thisfaccess would yield benefits to the
region for the indefinite^^re.^^additi^, shoreline and lake-bottom habitat
restoration will benefit^LUBon^^^tomer wildlife and may contribute to the
recoye^btf. endan^^&peciel^^^

|&»City and State governments include additional
K on any improvements, sales tax revenue from

,d transportation taxes based on the number of full-
.on to the direct tax benefits, creation of a mixed-use

provide economic benefit to the citizens through increased
'ortunities, increased business to local restaurants and shops,

roperty value of local residences resulting from improvements

After the property is purchased, the City will perform the cleanup
and will comply with MTCA by performing the actions described in the
attachments to the PPA, which will include the Cleanup Action Plan (CAP)
derived based on information presented in this FS.

1.3 Site Background and History
The 23-acre Quendall Terminals property is located on the southeastern shore
of Lake Washington in Renton, Washington. The site is heavily contaminated

JAGCO-02438-770 1-2
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from the coal tar refining that occurred there from 1917 to 1969. The
contaminated areas include .onsite soils, onsite groundwater, areas of dense
nonaqueous-phase liquid (DNAPL), the Lake Washington shoreline, and Lake
Washington sediments. Contaminants found onsite primarily consist of
polycyclic aromatic hydrocarbons (PAH) compounds, benzene, and wood
waste. A local lumber company is currently using the site as a log-sorting
yard.

1.3.1 Site Use History
The Quendall Terminals property began as a homestead coi
Sullivan in 1873. It was conveyed to James Col
Reilly by deed in 1916. Prior to the low
build the Lake Washington Ship Canal,
the swampy May Creek delta (RETEC

ed to Jeremiah
and then to Peter

hington in 1916 to
La headland and

The site has historically been used for indji
lowered approximately 8 feet, the May<
area of the waterfront parcel increase
the Republic Creosoting Compj
Corporation in 1956. Creosojt
1996a).

Doses. When the lake was
yas exposed and the land

iiry family established
ijecarneReilly Tar and Chemical

onsite until 1969 (RETEC

The original bed of!
propertv^Betwe
and til&kwa

Coal T

est across the Quendall Terminals
and original channel was partially filled,

sji to a^llelnion roughly at the midpoint of the Barbee
16 and 1956, the creek was moved farther to the

ities
facility refiflfdlind processed coal tar and oil-gas tar residues. The tars

sisted ofJpAH compounds, phenolic compounds, light aromatic
deluding benzene, toluene, and xylenes), and other organic
The tar was purchased from various sources, including the

Sea^i^Cjas Company on Lake Union, and was shipped or barged to the site
and pumped through transfer lines that ran along a former wharf and pipe
trestle. The docks included the southern pier dock and the longer T-dock,
which were used for offloading tankers and barges (RETEC 1996a). From the
docks, the transfer lines ran to two 2 million-gallon storage tanks (tanks 23
and 26) located in the west central tank farm area, as shown on Figure 1-2.
The tanks contained heating elements to keep the liquid warm, thus allowing
it to be transferred to the still house, where the tars were refined to produce
creosote and distillates (Hart Crowser 1997). Tar distillates were further
refined to produce naphthalenes, xylenes, benzene, toluene mix, and other
organic products. The products were then stored in onsite tanks until
shipment (Roberts 1981).

JAGCO-02438-770 1-3
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Tanks 1 through 5, located just south of the still, were installed in 1916 to
store creosote-related products. The two largest storage tanks, tanks 23 and
26, were installed in 1928 primarily to store the raw coal tar materials. Tanks
35, 36, 37, and 38 were constructed in 1956 and are located in the west-central
area of the site. These tanks were also used to store creosote-related products.

Historic facility features were identified to locate areas of potential
environmental impact caused by tar refining operations. Potential onsite
sources of soil and groundwater contamination are listed below; these
locations, with the exception of the "Saturday coke" disposaj^area, are shown
on Figure 1-2 (RETEC 1996a).

• The still house

• The underground pipes in th

• Onsite disposal areas for

• The ends of the docks, where^spi
1937 in which approximately 30,f f ^svmaTesiru* .̂ . *

spilled into the lake o.

• The flush box

Pitch bays
bottoms

and "Saturday coke"

d, including a release in
0,000 gallons of tar

fck

4 feet) constructed with concrete
for cooling of pitches

, where tank cleaning residues were

received effluent from cooling lines and were
ated with creosotes and tars

26, 35, 36, 37, and 38, where creosote-related products
ter, petroleum products were stored.

recor&jpior the Quendall Terminals property indicate that from 1946 to
jwned aquatic lands in front of the property were subleased to
Shipyards. An aerial photograph from this period shows

approximately 50 barges stored in this area. This area has been used for log
rafting operations since 1936.

Subsequent Site Uses
The site was used intermittently as a crude oil, waste oil, and diesel storage
facility from 1969 until 1978. Tanks 35, 36, 37, and 38 were used regularly
for this purpose during this period; Tanks 23 and 26 were used only once to
store these products (Figure 1-2; Hart Crowser 1997). After 1983, the site
was graded and raised with approximately 3 feet of fill material, including a
soil and wood mixture (RETEC 1997a). Since 1977, the site has been used as
a log sorting and storage yard, for firewood cutting, and for storage of in-
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water construction equipment. After 1977, no chemicals or petroleum
products, other than what is used for operation of heavy equipment, are known
to have been stored onsite. All structures associated with the refinery
operations, except for the office building, have been removed from the
property. Wood chips and bark are scattered across the property as a result of
the logging operations (Hart Crowser 1997).

1.3.2 Adjacent and Surrounding Properties
J.H. Baxter—The J.H. Baxter property lies to the north of the Quendall
Terminals property (Figure 1-1). The property was residential until 1955,
when J.H. Baxter and Company constructed a woodeaflnent facility on the
southern end of the property. The wood
from 1955 to 1981. Pentachlorophenol
poles, pilings, and railroad ties. A mai
Quendall Terminals property, drawn
February 1972, shows a pipeline connect
farm with the storage tanks located on
and 1971 waste discharge permi
purchased from Reilly Tar and
used to transfer creosote or
treating operations there:

largely inactive, except
the northern section o;

was spj
pro
been eni

ie site
treat

rns at the
•hitects in

Tar and Chemical tank
ite. J.H. Baxter's 1970

:e that creosote was
that the pipeline was

property for use in wood
Baxter property has been

arge piles of landscaping bark on
C 1996a, 1997a). The property
Inc. (Vulcan) purchased both the

Decree between Vulcan and Ecology has
and South Properties.

Mill is located to the south of the Quendall
and has been used for timber and lumber activity

itury. In the early 1900s, a logging railway terminated
logs were transferred from railcars to barges.

to 1946, a shipyard called Barbee Marine Yards built wooden
"the property. At this time, a lumber mill was established onsite to

service the shipyard. After World War II, shipbuilding activity ceased, and
the lumber mill became the primary land use (RETEC 1997a). Log rafting in
Lake Washington is suspected to have deposited wood waste on nearshore
sediment at the Barbee Mill property. In addition, historic activities at the
Barbee Mill have resulted in potential arsenic impacts on the southwest comer
of the Quendall Terminals property. The owners of the mill property are
addressing the arsenic issues.

Pan Abode—The Pan Abode property is located southeast of the Quendall
Terminals property and was owned by Reilly Tar and Chemical until 1957
(Figure 1-1). Pan Abode Cedar Homes, Inc., purchased the property in 1957
for use in manufacturing prefabricated cedar homes. Prior to this time, the
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property was undeveloped and there is no indication that Reilly Tar and
Chemical used it in the tar refining process. Cedar homes are manufactured at
the facility, and areas of the property are used for storing large boats and
motor homes. Environmental investigations at the property indicated there are
no environmental impacts that exceed MTCA criteria (RETEC, 1997).
Vulcan purchased the property in 1999.

1.4 Summary of Previous Investigations
Environmental and/or geotechnical studies have been performed on the
Quendall Terminals property since 1971, when Que:
the site from Reilly Tar and Chemical. Monitorhi
and temporary well points have been
summary of the previous investigations
Remediation Technologies, Inc. (RE|
1996a,b, 1997a,b,c; Hart Crowser 195
Remedial Investigation Report for
submitted to Ecology hi March 1991
investigations is presented in
samples, borings, groundwater^
Figure 1-3. All available
Appendices A, B, and
2001 to support this FSj
provided in Append

s purchased
>reholes, test pits,
offsite. A brief

ded by
(RETEC

The Final
Terminals Property was

gical list of previous
of all available soil

lit samples are shown hi
Compiled are presented hi

fgation activities performed in
fthis section with additional details

Twelker a
Between
investi
geq

Sha

Inc.
•welker and Associates, Inc., conducted site

site development. These studies were mainly
.ed 15 onsite soil borings (B-l through B-15) and 17

A through O) (Twelker 1971, as cited by Hart Crowser

Mlson, Inc.
Shannon and Wilson, Inc., conducted a soil investigation that

included borings along May Creek and near Barbee Mill and Pan Abode
(RETEC 1996a, 1997b).

CH2M Hill, Inc.
Beginning hi 1974, CH2M Hill conducted investigations on the site related to
geotechnical characterization (CH2M Hill 1978) and environmental impact
assessment for a master planned development (CH2M Hill 1981). Lake
current and water quality studies (CH2M Hill 1977, 1979, as cited by Hart
Crowser 1997) were included in the environmental impact assessment.
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U.S. Environmental Agency
In 1983, the EPA inspected the site, focusing on sediment contamination. The
inspection included visual observations made during a self-contained
underwater breathing apparatus survey and sediment sampling for chemistry.
Aquatic plants, fish, and invertebrates were surveyed. Evidence of free
product in sediment was noted, and sediment cores were taken and analyzed
for PAH contamination (U.S. EPA 1983, as cited by RETEC 1996a).
Analytical results of the EPA inspection are included in Appendix C.

Woodward-Clyde Consultants, Inc.
Woodward-Clyde Consultants, Inc. (WCC) perfor
contamination investigation hi 1983
1997). The consultants performed the folyswing

• Drilled 18 soil borings to
ground surface

• Installed 4 trenches, me;

• Installed 12 monito:

il and groundwater
by Hart Growser

Collected 134
of PAH usin

Analyzed il sani]
yleni

ditional samples
compounds

0 feet below

by 8 feet wide
rgh BH-12)

screened for the presence
ning technique

olatile aromatics, including benzene,

for priority volatile and

lundwater from 12 monitoring wells and analyzed
PAH, volatile aromatics, and field parameters (e.g.,

:almity)

5 additional groundwater samples for PCP using a
:eening method (WCC 1983, as cited by Hart Crowser 1997).

As part of the Consent Decree signed by Quendall Terminals and Ecology hi
1988 (WCC 1990, 199la, as cited by Hart Crowser 1997), WCC conducted
the following additional work:

• Installed 11 additional monitoring wells (BH-17 through BH-23) at
7 locations (9 of the 12 wells installed in 1983 had been destroyed
by log yard operations)

• Collected 42 soil samples from the 7 well locations and analyzed
the samples for PAH, PCP, and dibenzofuran using EPA Method
625
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Was

• Conducted groundwater sampling quarterly (January 1989 and
March 1990). Groundwater samples were analyzed for volatile
and semivolatile organic compounds, metals, and field parameters
(including nitrate, nitrite, sulfate, alkalinity, pH, and dissolved
oxygen).

hi 1990, WCC installed 6 additional wells at 4 locations (BH-24 through BH-
27). A total of 16 soil samples collected from the 4 well locations were
analyzed for semivolatile organic compounds using EPA Method 8270. In
June 1991, groundwater was sampled from 6 wells and analyzed for volatile
(EPA Method 8240) and semivolatile (EPA Mernodjr8270) organic
compounds (WCC 1990b, 199la, as cited bvHart^^^T997). Analytical
results of the WCC investigations for PAMBCP,^^rataIs are inchided in
Appendices A and B.

• Studied whe
monitorin

991 (WC
the following:

WCC completed additional investigatiol
cited by Hart Crowser 1997). The studies^

• Investigated in situ bio:
by evaluating
metals, major
biological oxyge;

1992a, as

.endall Terminals site
parameters (e.g.,

oxygen, chemical and
^ and microbial counts)

In

DNgSPL presfnt hi several shallow groundwater
Us j||yhjpQuendall Terminals site could be

cientl|lliPfAPL was pumped out of wells BH-21A
product thickness of 1 to 6 feet had been

|uifer pump tests in wells BH-19, BH-25, and BAX-9
hydraulic properties, including transmissivity,

conductivity, and storage efficiency of the upper water
unit.

te Department of Ecology
and 1992, Ecology conducted a sediment investigation at the

Quendall Terminals and J.H. Baxter properties. The investigations focused on
shallow sediment (0 to 2 centimeters deep). Analyses were conducted for
PAH compounds, PCP, PCBs, and heavy metals. In addition, bioassays and
measurements of macroinvertebrate abundance were conducted (Ecology
1992b, as cited by RETEC 1996a). Analytical data from the sediment
investigation are presented in Appendix C.

Hart Crowser
After the work described under the 1988 Consent Decree was completed,
Ecology and Quendall Terminals entered into an Agreed Order in 1993 for an
RI/FS at the site. The work to be performed included a supplemental remedial
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investigation, a risk assessment, and a. feasibility study. Hart Crowser was
hired to perform this work in 1995 and 1996, which included additional field
investigations to further delineate the nature and extent of contamination.
Hart Crowser's field activities are listed below:

• Excavated 9 test pits (TP-1 through TP-9)

• Drilled 9 soil borings (HC-1 through HC-8, and BH-28)

• Installed 1 monitoring well (BH-28)

• Sampled soil vapor flux at 4 locations

• Sampled and analyzed grounowater^
December 1995 **"

• Monitored water levels over 12s

• Sampled and analyzed
6) and Lake Washin

The results of these hive
Investigation for Quer|
Analytical results

luct in

|e (WP-1 through WP-
-1 through SW-6).

'werefprefented in the Final Remedial
lalsJlJplands (Hart Crowser 1997).

fices A and B.

T(RETEC)
ber of environmental investigations on the

Compiled and reviewed available sediment, soil,
T, surface water, and toxicity data from the Quendall
and Pan Abode properties. RETEC subsequently

of Existing Environmental Data and Data Gaps for the
(RETEC 1996b). Based on this review of available data, the
were identified as necessary for completion of a feasibility

.ow sediment sampling, wood waste surveying, wood waste
characterization, shoreline core sampling to identify locations of NAPL seeps
to sediment, and supplemental chemistry (RETEC 1996b). These tasks were
completed, and RETEC presented the results in its Draft Sediment Quality
Memorandum (1997b). In summary, the sediment investigation included:

• Bathymetric survey of the lake bottom

• Delineation of lake bottom wood debris

• Coring of subsurface sediment along the Quendall Terminals
shoreline and analysis of sediment (EPA Method 8020 and/ or
EPA 8260)

• Biological testing of sediments
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ent was toTxentify whether
ated with the 'gray zone'

gations based on the
d an observed redox

• Elutriate testing of Quendall Terminals sediment

• Sampling of sediment infauna and macrofauna.

hi 1997, RETEC submitted to Ecology a review of the upland soil conditions
in the Upland Constituents Memorandum (RETEC 1997c). Upland soil
conditions were assessed by reviewing field and laboratory analytical data, as
well as all available field observations. The distribution of affected soil
within the project area was outlined, and areas of the site were delineated
according to the extent and type of contamination. Affected soil volumes for
various cleanup criteria were also calculated. Analytic^ data from the
RETEC investigations are included in Appendices AJferv.aJiaC.

Exponent
Exponent conducted an assessment
Terminals Property. The objective of this
deleterious effects on benthic organist
sediments that had been identified in pre
criteria of a wood waste content le
potential discontinuity of less

ThermoRetec Consultin
/§&& \j? M

In order to address issualtssoci0|ed w^Ecology comments on the Exponent
draft Remedial mv||tijltion ajf|||ojSisid Feasibility Study (Exponent, 1999)

: Cloiilllction pSpxponent, 1999), ThermoRetec developed
ipling program. The. investigation included

line wells and 18 wellpoint locations in Lake

le conditioilpfere evaluated through installation and sampling of in-
ter wellpointj' and upland shoreline wells. Wellpoint locations were

aed usurg a groundwater flow model to predict transport from upland
Is. A total of 20 wellpoints were installed along transects in-line

ig upland shoreline wells. Existing shallow aquifer shoreline wells
were present at each of the five upland locations. Because co-located deep
aquifer wells were only present at three of the shoreline well locations, it was
necessary to install two additional deep aquifer wells.

Water samples were collected at each of the 10 upland wells and 18
wellpoints using low-flow techniques. Samples could not be obtained from
two of the wellpoint locations. Samples were analyzed for PAHs and BTEX
compounds using the SIM-Pro method to achieve low detection limits as
requested by Ecology. Results of the sampling are summarized below.
Methods and results are described in detail hi Appendix D.
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The nearshore PAH seep near Quendall Pond may be larger than
anticipated, as shown by high levels of contamination detected in
well points WP-19A and WP-19B.

Well point WP-20B, approximately 250 feet from shore, contains
high concentrations of benzene and naphthalene. This unexpected
contamination could be caused by a NAPL source located in the
sediments near the wellpoint. Alternatively, contamination in the
deep groundwater could be more extensive than initially estimated.

NAPL may be present within the sand/gravel lager as shown by
high concentrations observed in the deer^wu^^t well BH-20B.
Vertical migration of DNAPLto t h i s a ' l a y e r is a serious
concern that was not

The North Sump NAPL pi
surface water. Contaminatio;
three well points offshore
WP-18B,ofWP-18C.

Carcinogenic PAH^
wells
Previous
PAH conce

n o t a p p e impacting
detected intne in any of the

Sump area: WP-18A,

und in only two shoreline
one wellpoint (WP-21C).

a potentially larger carcinogenic

Agecj
was
quality.
usually
samrfes were oa
VMS and B

focusiggton the area within 200 feet of the shoreline
jfine the extent of NAPL plumes and groundwater

re chosen where data gaps existed and were
an'djn^er sampling location. Groundwater and/or soil

from 19 boring locations. Samples were tested for

encountered at five sampling locations north of Quendall
of the North Sump. The product was encountered in a sand

iiately above a silty clay layer.

1.5 Disclaimer
Any work or work product addressed in this document or cross-referenced
herein and performed or to be performed by the City in the identified
Quendall Terminals area has been or will be undertaken only for the purpose
of determining the feasibility of the redevelopment project. This analysis is
only applicable for the developments currently under consideration.

The City is submitting this document with the understanding that no
independent liabilities shall be assumed by the City under MTCA or any
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comparable federal or state environmental laws should the City elect not to
complete the Quendall Terminals property purchase. The current owners of
the Quendall Terminals property have authorized this submittal without being
committed to, or bound by, the content of this RI/FS.
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2 Physical Site Setting
This section describes the site geology, hydrogeology and the site lacustrine
environment. Previous investigations were summarized in the Remedial
Investigation Report (Hart Crowser, 1997) and lacustrine information
collected by ThermoRetec was summarized in the Sediment Quality
Memorandum (RETEC, 1997m). The purpose of this section is to outline
physical characteristics of the site that may impact contaminant migration and
distribution or the selection of cleanup approaches.

2.1 Hydrogeologic Setting

2.1.1 Regional Geology
The Quendall Terminals Property is I
which is situated between the Olympic
Cascade Range to the east. The region;
have been extensively shaped by Pie
major advances of glacial ice
Laprade, 1991). These
periods of erosion and
drift, till and outwash
flow deposits.

The
Dri

Basin,
to the wesFafici the northern

and subsurface geology
ion, with at least five
H Basin (Galster and
along with interglacial

a very complex mixture of
fluvial, lacustrine and mud

no

of these episodes, and the Vashon
within the Puget Sound Basin and

Drift is generally differentiated into four
Esperance Sand, Vashon Till and Vashon

some lower-lying areas, these members have been
•fblocene lacustrine and fluvial deposits.

^visions made by Galster and Laprade (1991) place the
Is Property within the southeast-northwest trending

icl, which bisects the Newcastle Hills promontory to the
>m the Coalfield Drift Upland to the south and terminates on the

eastern edge of the Lake Washington Trough. Glacial troughs such as the
Kennydale Channel typically include high energy Vashon recessional deposits
of coarse sand, gravel and cobbles with some deeper, glacially compacted till
possibly present, all overlain by Post-Vashon fluvial and lacustrine deposits of
gravel, sand, silt, clay and peat.

Bedrock has been locally mapped at or near the surface in a generally east-
west trend, forming Alki Point in West Seattle, Beacon Hill in Seattle and the
Newcastle Hills east of Lake Washington and then continuing east toward the
northern Cascades. The core of the Newcastle Hills promontory is composed
of middle to late Eocene Tukwila and Renton Formations of the Puget Group.
The Tukwila Formation consists of volcaniclastic sandstone, siltstone and
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shale, with the conformably overlying Renton Formation composed of arkosic
sandstone, siltstone, shale and coal (USGS, 1970). Extractable coal seams in
the Renton and Black Diamond areas ranged from 11 to 17 feet in thickness
where mining began in the early 1870s. Due to folding and faulting of the
Renton Formation and undifferentiated Puget Group, the mines tended to be
small and the mining conditions difficult. Subbituminous coal from the
Renton Number 1, 2 and 3 seams was extracted from the Renton area, with
bituminous coal mined from the McKay seam in the Black Diamond area.

2.1.2 Site Geology and Hydrology
The Quendall Terminals Property is located on
Washington on the former delta of May Gpek,
remaining within the glacial Kennydale Jliannel.
the site is a combination of fluviaffldeltaulacusl
constructed fill deposits overlying Pleis^^^^^lacial sedi
volcanic and sedimentary bedrock. The
has been heavily influenced by recQR Hi
construction of the Lake WashmgtonpShip Can
level of Lake Washington approxiplllli
of the May and Gypsy Creek

:m shore of Lake
kan underfit stream

ace geology of
iore and

and Eocene
;eology at the project area

ivity, beginning with
16. This lowered the

ixposed a significant area
ierly been submerged.

An interpretation of me Jjpject:
soil boring and monporing,
descriottens, wWcMhJge beer
invests The-
fivei

subsujrface geology has been made using
;11 geologic logs and test pit sidewall

red by environmental and geotechnical
•Jsurface geology has been segregated into

Unit,

Peat Unit,

! Lower Sand Unit, and

• The Sandy Gravel Unit.

These five units comprise the subsurface interval, part of which has been
impacted by past site activities or which could influence groundwater
movement through an impacted area. These major units also include some
localized subunits, which are further described below. Representative cross
sections of the Quendall Terminals subsurface geology are presented on
Figures 2-1 through 2-4.
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Fill Unit
The fill unit ranges in thickness across the project area up to 14 feet with
greater thickness along the shoreline. The fill zone includes dredged material
consisting primarily of silty- to medium- grained sand, as well as imported
material including clay, silt, sand, gravel, construction rubble, wood and other
debris. The dredged fill appears very similar to May Creek deltaic deposits
and it is difficult to differentiate without the presence of discarded debris or
other obvious indicators. On most of the site, the fill zone corresponds to the
unsaturated zone, although some sections of fill material are located below the
shallow water table.

This fill unit has a wood waste subunit
in the southwestern corner of the Quend
ranges in thickness from 0 to 5 feet (av
to 100% wood waste and up to 10% si
Quendall Terminals was used as a log
below these rafts; forming this unit.

Upper Sand Unit
The upper sand unit ranges i
the silty peat unit. This
occasional silt and
gray and locally si!

Within
and
the«rsiity peat an

sand, with
ly gravell

located offshore
1-2). It

of 90
rbor of the

area and bark accumulated

5 feet and is located above
coarse, loose, wet sand with

thick. It is brown to greenish-
and gravelly towards the south and

water-bearing unit of the upper aquifer
contamination.

is an upper silty sand subunit that is vertically
ntlnuous throughout the property. It is located above
in thickness from 0 to 10 feet. It is comprised of silt

ional lenses and interbeds of clay, silt, and sand. It is
ay to tan and medium dense.

The silty peat unit is comprised of soft to stiff dark brown to gray silty peat,
mica rich organic silt and silty fine-grained sand with interbedded gray and
brown clay, silt, sand and occasional ash lenses. The organic matter in this
unit consists of twigs and leaves. The silty peat acts as an aquitard (confining
layer) between the upper and lower aquifers and appears to prevent DNAPL
from sinking to the lower aquifer. The DNAPL tends to pool on the surface of
the silty peat. This silty peat unit is most prominent in the northern segment
of the Quendall Terminals log yard. The silty peat unit was encountered in
soil borings with thicknesses up to 15 feet (average thickness of 4 feet), and
was noted at depths up to 24 feet below ground surface (bgs) (average depth
of 10 feet). The silty peat unit is generally sloping west toward Lake
Washington except for the area around BH-17A and BH-17B in the southeast
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comer of the property where the silty peat slopes off to the southeast. Water
levels in wells that intercept .the upper fill and silty peat units are shallow and
relatively stable, with depths to water between 7 and 13 feet. The average
shallow groundwater contour map for the project area is,shown on Figure 2-5
(RETEC, ****).

Lower Sand Unit
The lower sand unit is generally located directly beneath the silty peat unit,
occasionally beneath the silty sand unit, and always above the sandy gravel
unit. The lower sand unit is greenish to dark gray, looser-fine to coarse-
grained sand with occasional gravel and mterbeddjfiJ^gpy and brown silty
fine- grained sand and silt lenses.

tely in
position to

of gray silty sand to fine
clayey silt and silty peat

organics. This unit

Sandy Gravel Unit
The sandy gravel unit i
with a known thicknes;

The
s a o w unco

er below
d to the

The lower sand unit has a lower silty
the northern portion of the Quendall pr<
the upper silty sand subunit. This sub
sand and silt, soft to stiff, wet with
lenses and interbeds. The subunit
ranges in thickness from 0 to 25

>served on the Quendall property,
ff 50 fee^ormare. The sandy gravel unit consists of
ivel ujllllpfsch in size and fine to coarse sand. This
rturatecnmd is the primary water bearing unit for the

idall Terminals property is characterized by a
Iter table aquifer and a lower moderately confined

Ity peat unit The water table aquifer recharges in the
of the site, has a groundwater flow toward the west and

Lake Washington. Groundwater modeling performed by
the Port Quendall development area suggests that shallow

vater currently discharges to the lake within 60 feet of the shoreline.
According to the site well gauging data, the lower confined aquifer has a
potentiometric surface that is lower than the upper water table toward the east
and higher than or equal to the upper water table toward the shoreline
(RETEC, 1998).

2.1.3 Hydraulic Parameters
Shallow wells are generally screened across the upper sand, silty peat, and
lower sand units, as a result, shallow hydraulic data represents a composite of
these three units. Hydrogeologic investigations of these shallow layers have
resulted hi hydraulic conductivity estimates ranging from 0.3 to 30 feet per
day (ft/day). The average conductivity estimate for the layer is 3 ft/day. The
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heterogeneity of the layer is reflected in the large range of the estimated
values. The lower estimates are associated with silt and clay lenses, whereas
the higher values are associated with sand lenses. Six wells are screened over
both the shallow layer and a saturated portion of the fill unit; the conductivity
estimates from these wells were analyzed as part of the shallow layer.

Two slug tests were completed in the sandy gravel unit and provide an
estimated hydraulic conductivity of 5.7 ft/day and 57 ft/day.

Previous investigations have estimated the shallow layer
0.28 and 0.32 (unitless) (Woodward Clyde, 1990).ABs
effective porosity of the sandy gravel unit is <

A2.2 Site Lacustrine Environme

grosity between
>n site data, the
0.20 and 0.25.

The property includes approximately \
shoreline. The use of Lake Washington
past site activities, including barge off-$radiif
The current shoreline characteristigsj|ngige
shorelines to abrupt rip-rap shorel

Three wetlands exist onsitejwetlandf A,
2-6. Hydrology hi wetianpfA an^TB is c
minor surface dischar§?entersese

iear feet of*iiS^Washington
an important component of

.g and log storage.
y sloping vegetated

C) and are shown on Figure
trolled by the lake level, and only

Wetland C is a remnant of the
area appears to be isolated from

the adjacent log yards (Beak 1997).

The Querl
shorelip

:d with rip
is no uplanc

^loading, log

ip is at the southern end of the property. The
abrupt, having been partially bulkheaded and

lere is no significant beach in this area. In addition,
fetation in this area because of industrial activities (scrap

idling) conducted there.

ottom Characteristicsĵ$$jjjĵ r

Assnown by the bathymetric contours on Figure 2-7, the lake bottom is
relatively flat between the inner and outer harbor lines. The average slope
over this interval is 3 feet vertical and 100 feet lateral. Water depths at the
outer harbor line range from 26 to 31 feet (as measured at normal high water
line) in most of the area. The bathymetric survey is consistent with USGS
maps for the area. These show similar water depths at the outer harbor line.
The USGS maps also show that on a transect toward Mercer Island from the
Quendall Terminals property, the maximum water depth reached is
approximately 70 feet.
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The nearshore bathymetry is less uniform than that in the outer harbor area,
ranging from gradual slopes, to relatively steep slopes and bulkhead areas. In
addition, there is a sand spit located just north of the mid-Quendall shoreline.

Acoustic surveys of the Harbor Lease areas confirmed that logs, log bundles
and other debris are present on the lake bottom. Log densities ranged from
less than 1 log per acre near the outer harbor line, to greater than 5 logs per
acre near the Quendall log dump. Three log bundles were identified on the
lake bottom.

Just to the north of the Quendall Terminals property,
on the lake bottom offshore from the PSPL sub;
pumping station. These locations are cjonlistent
utilities. The lines are located appro:
Quendall T-Dock.

Besides the logs and utility lines, the
concrete anchors and metal debris,
compared to the log debris. Apj
mapped within the Harbor Le
pilings associated with the
are located in all areas
up to 30 feet.

ics were located
the Metro inceptor
ements fo^ those

of the

2.2.2

led other debris including
this debris was limited
rgs and dolphins were

ite survey, excluding the
The pilings and dolphins

ranging from less than 5 feet

IT6
A sednlllitiQfile
the partic
sedime;

j&&

there^were sev
;es, includin

SPI) survey provided generic information about
>r the sediments. In general, the lake bottom

silt/mud with a small particle size. However,
in which a more sandy bottom was evident in the SPI

aendall Sand Spit

Quendall sediment near the outer harbor line

During the beach surveys, additional areas of sandy sediment were noted.
These included two short stretches of beach along the Quendall terminals
property. One of these was located north of the former mouth of May Creek,
just north of the Quendall log dump. The second was located just south of the
Quendall sand spit. In this latter location, the beach was generally covered
with a thick layer of wood waste and bark, but sand was noted at water depths
ranging from 1 to 4 feet below the low water line.

2.2.3 Sediment Infauna, Macrofauna and Flora
During the SPI survey, video transects, and sediment grab sampling,
observations were made regarding sediment-dwelling organisms, macrofauna
and flora. These observations were qualitative in nature, as they were
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collected inadvertently during sampling for other parameters. Sediment-
dwelling Lnfauna noted during sampling included the following:

• Chironomids

• Amphipods

• Oligochaetes

• Annelids

Macrofauna noted during video transects and grab sampling included the
following:

• Freshwater clams and mussels

• Crayfish

• Smallmouth bass

• Sculpin

• Perch

• Sockeye salmon

Areas of milfoil were aJtaj^otedyn the spRPscan sonar and video surveys,
with dense milfoil areasjptractepzed by^water depths between 5 and 15 feet.
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3 Nature and Extent of Contamination
Several investigations of potential contamination within the Quendall
Terminals Property have been performed, generating a large volume of
chemical data and visual observations of soil quality. Comprehensive
summaries of project area historical information, regulatory records, and
environmental data have been provided in the Remedial Investigation Report
(Hart Crowser 1997). This existing data was incorporated with data collected
by ThermoRetec during the previous due diligence proces^and subsequent
investigations to develop an interpretation of current siteJzonditions. This
interpretation of site conditions is then compared^^^uie cleanup levels
discussed hi Section 4 to determine the JpEht o^actions remired,
thereby allowing conceptual design Jand co^^e^^a^^g^ pj^fcleanup
alternatives.

3.1 Source Area Identificatix
As described in Section 1.4, develqj
in the 1916 with construction ofj
approximate locations of the^rorme
discussed below.

3.1.1 North Site Are,
COE

.of theTsl^pt property commenced
[/acifipfFigure 1-2 provides the

Terminals operations areas

cent

ate to a sump (North Sump) located
till, which was reportedly excavated and closed

tmt down; a second sump (South Sump) was
''site area and has been buried.

bay north of the still area where mounds of material
in 1936 and 1946 aerial photographs.

-lying marshy area and drainage ditch that existed hi the
bwest site area; there are reports of still bottom and tank bottom

disposal in this area.

3.1.2East Site Area
Water supply wells along the east site boundary, which reportedly
became contaminated over time.

The still house, which had a dirt floor and spillage reportedly occurred.

Rail loading facilities south of still near original Tanks 1 through 5.

Loading rack on the east side of the railroad tracks across from the still
area.
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3.1.3South Site Area
• Discharge of still condenser leakage to the sewer lines, especially to a

sewer outfall in the southern site area.

• A dump area just south of the original tanks (Tanks 1 through 5) in the
approximate area of an old drainage channel.

3.1.4Offshore Area
• A substantial spill of creosote/coal tar in the 1940s^

wharf and pipe trestle (T-pier)
(estimated at 30,000 gallons).

• Overfilled drip pans observed at tie end

3.2 Data Sources and Valid!

the end of the
ling operations

Nearly 50 environmental and/or
nearby properties, dating from 19j
provided project area subsurfj|
groundwater, and vapor an
depths, and results used
the Upland Constituem
was also summarized,

se
lity

known to exist for
ata from these studies

lation as well as soil,
showing data locations,

)il volumes were provided in
1C, 1997f). Groundwater data

Constituents Memorandum (RETEC,
areas were summarized in the

ITEC, 1997m).

ol^jepvironmental samples collected from the former
_e Quendall Terminals Property is included in the

Report (RI; Hart Crowser, 1997). A summary of
oper
Rerpedial Inves

ious investgaSbns, including additional site characterization work
formed byjfnermoRetec hi 2001, was provided hi Section 1.4. The

nt of^siraPoata that has been collected is adequate to allow for analysis of
ledial alternatives. Figure 1-3 illustrates the location of all

investigation smapling locations at the Quendall Terminals Property.

3.3 Soil Impacts
Elevated PAH concentrations have been detected in upland soil. Soil impacts
range from low-level (ug/kg) concentrations of heavy-end coal-tar residuals to
percent-level PAH contamination hi other areas. Also, localized areas contain
free product, and other areas are impacted by light-end coal-tar distillates such
as benzene (RETEC 1996b). Contamination of site soils with PAH
compounds and benzene is discussed below.
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3.3.1 Polycyclic Aromatic Hydrocarbon Compounds in
Soil

Soil samples for PAH analyses were collected over a range of depths from
ground surface to a maximum sample depth of 44 feet below ground surface.
The analyses were performed using EPA Method 8270 and various field
screening methods including gas chromatography screen, fluorescence screen,
and immunoassay analytical techniques. Appendix A includes all available
soil analytical results for individual, total, and carcinogenic PAH (CPAH)
compounds at each location and date; the method of detection; and the depth
interval of the sample. The fluorescence screening data wei-cnot available for
inclusion in this report.

3.3.

Figures 3-1 and 3-2 show the conceni
compounds in onsite soil based on EP.
figures show the concentration of total
sampled for each location.

Estimated total PAH (TPAH) com
limit to 37,220 mg/kg (HC-7).
highest concentration was naajithal
a sample from HC-7.
detected at zero to 20 fe
Total CPAH com
mg/k

to
0.68
CP

ĴM

eneempassed by

nons
tho#8270 an

AH compo

CPAH
Suits. The

at the depth

m below the detection
compound found at the

Ihtration of 11,000 mg/kg in
•e SjjTshovJplBe TPAH concentration in soil

;s bj|f;PA Mjliod 8270 between 1983 and 2001.
>ns (F^^^^ranged from not detected to 10,008

cPAH concentration was for chrysene,
[g/kg~in a sample from TP-4. The ratio of CPAH

location averaged 0.24 and ranged from 0 to
Ight PAHs are more abundant at the site than the

iest PAH and CPAH concentrations are generally
^fDNAPL.

£enzenejn Soil
jr

detected primarily in areas affected by DNAPL (Figure 3-3).
^analyses were generally performed using either EPA Method 8020 or

8260 with detected concentrations ranging from 170 to 4,800 u.g/kg. The
maximum concentration was found in the sample from RB-9 in 2001.
Appendix A includes soil analytical results for benzene.

3.4 Groundwater Impacts
Past activities at the Quendall Terminals site have resulted in impacts to
groundwater quality. PAH compounds and benzene have been detected in
groundwater. The nature and extent of these chemicals in groundwater is
discussed in more detail below. Saturated zone NAPL is also discussed in this
section.
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3.4.1 Polycyclic Aromatic Hydrocarbons in
Groundwater

Appendix B includes all available PAH data for site groundwater. Results
show that areas of elevated PAH concentrations in groundwater appear to be
associated with the former May Creek channel, the still house area, Quendall
Pond, and the north sump area.

The 2001 mudline investigation conducted by RETEC included groundwater
sampling of 10 shoreline wells and 18 wellpoint locations in Lake Washington
at multiple depths in the upper and lower jwatej*!Pfaring aquifers.
Concentrations of total PAH in groundwater^anged^^gpon-detect to 15,098
ug/L (WP-19A), with the primary constii
naphthalene concentrations were fo
locations associated with the Quendal
BH-20A). Figures 3-4 and 3-5 shows tti
in the shallow and deep groundwater.
in two monitoring wells and one wellpo"

3.4.2Benzene in Groundwate
Benzene data is given in
areas of elevated be
associated with DNABI

ighest
•oum£water at

19B, and
concentrations detected

PAHs were detected only
Figure 3-6.

investigations indicated that
ippear to be located in the areas
ie former May Creek channel, the

still tii||||iia, and the north sump area. The 2001
pnfirmetrthese findings with concentrations of

ranging from not detected to 12 mg/L. Benzene
appear to be predominantly associated with

i&mtoring well BH-20B having the highest benzene
g/L. Figures 3-7 and 3-8 show the benzene

d in the groundwater.

h-Aqueous Phase Liquid
and groundwater sampling, free creosote and tar materials were

reported in multiple areas of the Quendall Terminals property. Boring, well,
and trench logs for the property include written observations describing liquid
product and nonliquid residuals such as pitch, coke, coal-like materials, and
stained soils. The available logs and field observations of soils showing
evidence of product were compiled by RETEC.

From the historical logs and data, onsite areas affected by DNAPL were
identified and are shown in Figure 3-9. The occurrence of DNAPL has been
identified in five areas of the site:

• North sump area

• South sump area
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• Quendall Pond

• Still house area

• Former May Creek channel.

Much of the hydrocarbon product noted in boring logs is present below the
water table. However, the product appears to have remained within a sandy
layer immediately above a silty peat layer present in the shallow soils. The
free product was analyzed, and the results showed a distribution of PAH
compounds and the presence of dibenzofuran and carbazole, consistent with a
creosote or coal-tar source.

Lake Washington
L osfinating

onfirmed
cind benzene

preseno
delineatio:

Based on the location and depth of the
sediment, it appears that the nearshore ar
from upland seeps. Sediment DNAP
deposits of upland DNAPL and areas
concentrations in groundwater.

North Sump Area
During operation of the Reill
discharged to the north si
sump was excavated
however, DNAPL was
detected^in boring
consi:
Was:

;finery, wastewater was
c6iael|g|psettleable solids. The north

•ee nEDuuct after the refinery closed;
jpsequenlly deteered in several borings. DNAPL was

offsrJ[j|yioEif'the north sump area, in a direction
fried siSlpwater discharge from the sump to Lake

sequent borings in the vicinity did not indicate the
.ermore, data collected from the geoprobe

!)01 indicates that the plume is moving in a more
licated on Figure 3-9. These findings are confirmed by

'e silty peat surface that shows troughs in the silty peat
iroduct.

JSjrfhp Area
sump received effluent from cooling lines and contaminated with

creosote and tars. Free product has been encountered in one boring (BH-8)
located in the south sump area, but not in other borings in the vicinity. The
product is contained as a pool on a silty peat layer within the sand shown in
Figure 2-3.

Quendall Pond
The Quendall Pond plume is shown in Figure 3-9. Along the shoreline
downgradient of Quendall Pond, DNAPL was observed in two vibracore
samples, VS-30 and VS-4. The DNAPL in core VS-4 was overlain by
materials containing no evidence of contamination, indicating that the
DNAPL had moved to that location by means of lateral transport. The
DNAPL detected in VS-30 was at an intermediate location between the
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uplands DNAPL and that found in VS-4. No DNAPL was noted in the four
cores taken downgradient of VS-4 (VS-27, VS-20, VS-17, and core F),
thereby defining the westernmost boundary of the plume in the vicinity of VS-
4.

Still House
NAPL was reported in several borings (HC-5, B-4, HC-4, and BH-25A) in the
still house area which includes several historic tank sites. As with the other
plumes, the product is contained within the shallow unit.

Former May Creek Channel
DNAPL present in the former May Cree
to the shoreline, which is located less tha^fSO f<
with the former May Creek channel appears^ to
topographic low hi the vicinity of BH-2

3.5 Sediment Quality
Existing sediment data was
Ecology (1992),
RETEC (1997b) consi
a sediment profil

appear to^extend
L associated

peat in a

of o

(1971), U.S. EPA (1983),
ixponent (2000). Sampling by

aples, Vibracore deep sampling,
survey, a towed-camera video

surveys, and side-scan sonar
previous investigations with regard to the

and debris hi the sediments, and PAH and
scussed below.

following d|sc1isiion of PAH and benzene contamination in sediment is
faded into twofeographical areas: nearshore sediment and sediment hi the
£ock areajsrthe Quendall Terminals site. The sediment wood waste

ssionj|eviews the protocol used to quantify wood waste and determine
ronmental impact of the wood waste. All available sediment

contaminant data are presented hi Appendix C.

3.5.1 Polycyclic Aromatic Hydrocarbons in Sediment
hi the nearshore area, PAH contamination hi sediment was detected at
concentrations up to 28,644 mg/kg (EPA-1) (Figure 3-10). High PAH
concentrations were generally found in the DNAPL-affected areas. PAH
concentrations were measured at multiple depths to determine the extent of
shallow-zone contamination. Samples from areas showing no evidence of
DNAPL (VS-27, VS-20, VS-18, and VS-21) all indicated a shallow
contaminated zone that is less than 2 feet deep (RETEC 1997b).
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In the T-dock area, contamination is assumed to have originated from coal-tar
spills during historical operations (RETEC 1997b). The PAH contamination
at the T-dock is generally present in a discrete layer less than 1 foot thick with
a maximum depth of 3.5 feet. Vibracore samples revealed coal-tar
contamination in the upper few inches of sediment. Cleaner material was
often found overlaying the contaminated layer (samples S-51, S-60, S-46, S-
45). The deepest reported PAH contamination was 297 mg/kg at 2.5 feet
(EPA-1). No DNAPL seeps or pockets of contamination were noted in core
tubes advanced to a depth of 17 feet below the mudline (RETEC 1997b).
Data from RETEC's Phase I sampling event was combmedvwith the earlier
EPA and Ecology investigations to estimate the area|of sgnment where PAH
concentrations exceed 100 mg/kg (Figure 3 )̂). area of sediments
with PAH concentrations exceeding 10^pmg/k^^^3T-dock aiga was
calculated to be approximately 12,400 square ya

In me"

other

e
sedimeri

to weatherin

3.5.2Benzene in Sediment
In the nearshore area, elevated be;
vibracore samples during RETEC'j,
in sample VS-30 (nearshore no
260 mg/kg; in sample VS-29jj{n a co
VS-21 at a concentration o||j£78 ing/kg
borings are located near-ajp^APjfsource,

lions were detected in
'Benzene was detected
at a concentration of

f 24 mg/kg; and in sample
1998), suggesting that these

.ost H||||pî ntaminated sediment samples (S-45B,
ber orofher samples were tested for benzene and

ounds during RETEC's Phase I sediment
tot detected in any of these samples (detection

12lb 69 mg/kg). The lack of benzene detections in the
ibuted to attenuation of volatile organic compounds

leaching (RETEC 1997b).

te in Sediment
'Quendall Terminals feasibility study process, RETEC, Ecology,

and~the resource agencies developed a measurement protocol for quantifying
the extent of wood waste in sediment within the project area. Wood waste is
regulated by Ecology as an "other deleterious substance" as defined by the
Sediment Management Standards (SMS). The extent of wood waste was
determined during RETEC's Phase I and Phase II investigations (RETEC
1997b).

As defined in Ecology's protocol, sediment exceeding 50 percent wood waste
by volume is assumed to be deleterious and require remedial action. No
additional testing was considered necessary for characterization of this
sediment (RETEC 1997b). From the sediment profile imaging survey, the
percent of wood by volume was measured for the 0 to 10 centimeter depth
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interval by measuring the two-dimensional area of wood material visible in
the sediment profile images. The lateral coverage of wood waste in sediment
was then measured using the video transect data. An area exceeds the
remedial action threshold if both the sediment profile imaging survey and
video transect data show greater than 50 percent wood waste. The principal
area of wood waste exceeding 50 percent was identified as the area offshore
of the Quendall Terminals log dump (Figure 3-11). The volume of the wood
waste/sediment is approximately 48,000 cubic yards (RETEC 1997b).

3.5.4Benthic Habitat
The sediment that showed less than 50 percent we
estimate disturbance levels (RETEC li|f|!t>)-
disturbance is the thickness or depth of tneoxyger
The depth at which oxygen becom|liiiuWg is
discontinuity (RPD), described in more

fe was screened to
yjasure of benthic

df||of the s^iment.
potential

In addition to providing information al
waste in the sediment, the sediment
the RPD thickness. The RPD is
oxidized coatings persist in ther*sedi
sediments exhibit an olive^r tan^lor
conditions), whereas
gray to black as a res
oxic taotsediment
RP

ic percentage of wood
ided a measurement of
to which particles with

Typically the oxygenated
^oxides indicating oxygenated

redjSced (oxygen-poor) sediments are
'of iro^^ilfid^uildup. The boundary between the

ie blac||||l||pyreduced sediment denotes the apparent
•D is aiTTrnportant measurement that integrates pore

iditions, sedimentary organic enrichment, and
(RETEC 1997b). In the case of Quendall

ie main factors may affect the RPD: 1) physical
rolling on the lake floor, 2) oxygen depletion due to

of wood waste, leading to bacterial breakdown of the
depletion due to bacterial degradation of contaminants in

:nts. A lack of oxygen diminishes the depth of the RPD and
in diminishing populations of benthic infauna and macrofauna

in the sediments.

The RPD can be useful to assess the physical and biological quality of a
habitat for epifauna and infauna. The depth of the apparent RPD in profile
images has been shown to be related to the quality of the benthic habitat in
marine and estuarine sediment (Rhoads and Germane 1986; Revelas et al.
1987; Day et al. 1988; Diaz and Schaffner 1988a; Valente et al. 1992).
Accounting for differences in sediment type and physical disturbance factors,
thin RPDs may be indicative of chronic benthic environmental stress or recent
disturbance.

Relative trends in apparent RPD depths are indicative of overall benthic
disturbance regimes. Thinner RPDs generally point to areas subject to either
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physical stress (e.g., scouring by prop wash) or chemical stress (e.g., high
sediment oxygen demand or chemical contamination). The shallowest RPD
depths at the site (less than 0.2 cm) occurred in a contiguous nearshore area
that stretched between and connected the areas with greater than 50 percent
wood waste. This reduced RPD thickness could be due to the physical
disturbances caused by grounding and rolling of log debris, prop wash from
log handling boats, and organic enrichment resulting from the widespread
inputs of wood waste. A strong population of sediment-reworking benthic
infauna was observed in undisturbed areas. However, in the inner areas of the
site, the disturbance appears to have prevented similar^Jsjenthic infaunal
development (RETEC 1997b).

Surrounding the highly disturbed area,
exhibited intermediate RPD values (0.
from the outer harbor line off of the Qug;
Barbee Mill to the May Creek delta (H
environment hi this area are likely v;
localized PAH contamination may
addition, natural disturbance fact
from decomposing submerged^aquati
scouring at the delta mayJpconteiBu
shoreline at the northern anwsouthern end

luen

The remainder of
This i

vey

the lakejxrttom
•xtended

past
11). StresseTlo the benthic

icattered wood debris and
c assemblages. In
labile organic matter

e.g., milfoil), or physical
c stress factors along the

the area.

RPD depths greater than 0.8 cm.
jjvest d^seiSdall Terminals and the entire area north

T-dock. Based on the uniform distribution of
>ying regions, these relatively deep RPD areas

a relpfvely undisturbed benthic condition in terms of
interactions for nearshore areas in this portion of

.ditional data regarding the distribution of biological
sediment texture, and other sediment profile imaging

icters wedTsummarized by Striplin (1997).

one
Exponent conducted an assessment of the sediment at the Quendall Terminals
property in the summer of 2000 (Exponent, 2000). The objective of this
assessment was to determine whether deleterious effects on benthic organisms
are associated with the "gray zone" sediment that had been identified in
previous site investigations based on the criteria of a wood waste content of
less than 50 percent and an observed redox potential discontinuity of less than
0.8 cm. The potential for deleterious effects on benthic organisms was
assessed using laboratory toxicity tests conducted with field-collected
sediment samples. Ancillary data were also collected on physical and
chemical characteristics of the sediment samples.
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The testing methods and interpretative guidelines were developed in
consultation with Ecology and were discussed with representatives of the U.S.
Army Corps of Engineers, the Washington Department of Natural resources,
the U.S. Environmental Protection Agency (EPA), and the Muckleshoot Tribe.
Conceptually, the guidelines parallel the marine sediment quality standard
(SQS) and cleanup screening level (CSL) guidelines are included. The
Washington SMS define the SQS as representing "no adverse effects" level
and, generally speaking, sediment needs not be considered for remediation
unless toxicity results exceed the CSL guidelines. The results for each
toxicity test conducted on the gray zone sediment were compared with site-
specific SQS and CSL guidelines.

Laboratory toxicity tests conducted on thjlnihe seciiment samples and three
reference sediment samples included a|l1)-day^amphipod*^Hyal^la{'azteca)
survival and growth test, a 10-day andla.2Mday chironom'fd^Oiironomus.

=> ' J îTf̂ BSSyB?* J •!•»",.':•>'--.

tentans) survival and growth test, and ̂ ;Mierptox™ 100-percent sediment
porewater test. In addition to the test aira'ffferisc.e sediment samples, each
toxicity test required the use of a negative conffof^^unent sample.

fstjjjjĵ Vf&i£?-3£. '>®<-1'

For both the H. azteca and the^MicroteotOStest, there were no exceedahces of
- - - - -** ^~£imm&ie -either the SQS or CSL guidelines, gor tn^0|py C. tentans tests, most of the

effects were detected wer^felatiyfly mineffT' The mean mortality results for
the 21-day C. tentans.4p!*F exceeded thjf CSL guidelines in several areas.
There was no SQS^orrpSL ex|efidanfees for the biomass endpoint in the 21-
day Quintans tesJf0Eany of thetgfay'zone samples.J «sssSsSBgv "ssssss&sa. r

•

given a weighting factor that represents a
judgment on how reliable the test is, its

ecological sigmfi|plG|j>and its sensitivity. The results suggested that a large
^' of the gKty^one does not need be considered for remediation. The

gray Jpne (Figure 3-12) represents a CSL exceedance and requires

Conceptual Model
Figure 3-13 shows a conceptual model of contaminant sources and transport
pathways through the central area of the Quendall Terminals site. NAPL and
groundwater impacts can be correlated to source areas. NAPL distribution
and migration is governed by site stratigraphy, and Figure 3-13 shows that
DNAPL pools have accumulated in depressions in the top of the silty peat
layer. Dips in the silty peat layer have caused DNAPL to migrate underneath
Lake Washington.

Figure 3-14 shows the upper surface of the silty peat unit and includes the data
points, upper and lower shorelines, and the Quendall property lines. This
layer shows a high degree of heterogeneity both vertically and horizontally
and is saturated over most of its depth.
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Dissolved-phase groundwater impacts are closely correlated to the presence of
NAPL. The NAPL beneath the lake has resulted in mudline groundwater
concentrations that exceed surface water standards. The PAHs that have been
detected in groundwater are predominantly the lighter-end PAHs, which are
more readily treatable than the heavy-end constituents. Groundwater flow
direction is toward Lake Washington.

^tet&P-
SrS*•

'«fe»K^:"•$®«fP^
-ff^ "v;:T r̂&wj

^ESWW'-'- JS'^tf&fxzy. A-
p '̂ JH^^

••«5 \̂? '̂
'T-i'-f^-
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4 Remedial Objectives and Cleanup
Levels
This section develops appropriate remedial action objectives and cleanup
levels for groundwater, soil, and sediment. A review of "legally applicable
requirements" and "relevant and appropriate requirements" is performed to
support selection of cleanup levels.

4.1 Media and Constituents of Concer
Groundwater, soil, and sediment have been dete
concern at the Quendall Property. These
impacted through contact with coal
portion of the sediment impact is
aforementioned media and the assoei^d^constituents^
presented in the following table.

be the media of
lorninantly

ugh a
;e. The

Table 4-1 Media and Associated

>ncem are

f Concern

of Concern
PAH

Benzene
PAH

Benzene
Benthic disturbance in gray zone
Greater than 50% Wood Waste

PAH

Srovides a brief summary of the overall objectives of remediation
These objectives have been selected based on compliance with

MTCA and SMS regulatory criteria and the conceptual land-use proposed.
Proposed objectives of remediation activities include:

• Protection of aquatic life in surface water and sediment from exposure
to constituents of concern above protective levels,

• Protection of groundwater to a level that is protective of surface water
and sediment,

• Protection of humans who consume aquatic organisms from exposure
to tissue containing constituents of concern above protective levels,
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• Protection of humans from direct contact with soil containing
constituents of concern above protective levels, and

• Removal or containment of impacted sediment to a level that will
create no adverse effects on biological resources and human health.

4.3 Potentially Applicable Requirements
MTCA requires that all cleanup actions comply with applicable state and
federal laws (WAC 173-340-360(2)). MTCA defines applicable state and
federal laws to include "legally applicable requirements'',*^^ "relevant and
appropriate requirements."

4.3.1 Laws Applicable to Cle
Those potentially applicable requiremi
levels are summarized in this section.

Table 4-2 Potentially Applicable
Levels

and action

leanup

Medium StandanJ/Cn||jrion Citation Comments

Groundwater
Surface Water

Requiremei
establi
risk-l

ModeT Toxics
il Act (WAC

'3-340, Sections
720 and 730)

Anticipated to be
relevant and
appropriate to site
remediation. Surface
water cleanup levels
are reported in Table
4-5.

Sediment to identify
nts that have no

Free effects on
gical resources

and correspond to no
significant health risk to
humans.

Sediment
Management
Standards
(WAC 173-204)

SMS cleanup levels
have not been
promulgated for fresh-
water sediments. Site-
specific cleanup levels
are developed on a
case-by-case basis as
are cleanup levels for
other deleterious
substances (WAC
173-204-100(3))

Surface Water Ambient water quality
criteria for the
protection of aquatic
organisms and human
health.

Federal Water
Pollution Control
Act/ Clean Water
Act (CWA)
(33 USC 1251-
1376;
40 CFR 100-149)
40 CFR 131

MTCA requires the
attainment of water
quality criteria where
relevant to the
circumstances of the
release. Ambient water
criteria and Water
Quality Standards for
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the human
consumption of
organisms at 1 * 1CT8

risk is anticipated to be
relevant for
groundwater (Table 4-
5).

Drinking Water SDWA National
Primary Drinking Water
Standards: Maximum
Contaminant Levels
(MCLs), Maximum
Contaminant Level
Goals (MCLGs),
Proposed MCLs and
MCLGs.

Safe Drinking
Water Act
(SDWA)
40 CFR 141

Not anticipated as
applicable to surface
water cleanup levels
due^fo restriction on

;e Washington
iter rights (WAC
-508).

Surface Water State water quality
standards; conventional
water quality
parameters and toxic
criteria.

Narratiye-and
quantitative limitations
for surface water
protection. Lake
Washington has been
classified as "Lake
Class" water, although
restrictions on Lake
Washington water
rights (WAC 173-508)
indicate that the
characteristic use of
water for water supply
is not applicable and
the "Lake Class"
designation only
applies to aquatic
resource protection.

Listed I
Waste/

il standards for
ing and

lanaging hazardous
wastes.

Resource
Conservation and
Recovery Act
(RCRA)
(40 CFR
261.24.10-11
Subpart B).

Not anticipated as
applicable since
hazardous waste will
not be generated
during cleanup.

4.3.2Laws Applicable to Treatment and Disposal
This section provides a summary of laws that impact the management of soil,
water, and sediment during the treatment and disposal process. These
requirements may impact the implementability and cost of remedial
alternatives.
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Table 4-3 Potentially Applicable Requirements—Treatment
and Disposal

Activity Requirement Citation Comments
Discharge to
Surface Water

Point-source standards
for discharges into
surface water bodies.
Applicable to point-
source discharge or
site runoff directed to
surface water body.

Federal criteria for
water quality to protect
human health and
aquatic life. Enforced
under state water
quality laws and
MTCA.

National Pollutant Discharge
Elimination System (NPDES)
(40CFR122.125)
State Discharge Permit
Program; NPDES Program
(WAC 173-216, -220)

Federal Wati
(40 CFR 13

State Water Quality
Standards for Surface
Water.

Anticipated to be
relevant if discharged
to on-site water body.
Discharges must
comply with
substantive
requirements of the
NPDES permit.
Applicable for off-site

iharaejra permit
required.

Anticipated to be
relevant for remedial
measures involving this
activity.

Implementation of
federal requirement to
develop state water
quality control plan.
Narrative and
quantitative limitations
for surface and
groundwater protection
based on beneficial
uses. Anticipated as
relevant.

State imple
of ambient
standards

ion
uality

, ambient and
Ssion standards.

Washington State Clean Air Act
(70.94 RCW)

eneral Requirements for Air
Pollution Sources
(WAC 173^00)

PSCAA Regulations I and III

Potentially applicable
to remedial actions.

Designation of
Waste for
Disposal

State criteria for
dangerous waste,
which are broader than
federal criteria and
nclude toxicity and
persistence.

Washington Dangerous Waste
Regulations
(WAC 173-303)

Designation procedures
(Section -070)

The appropriate waste
designation should be
made for IDW or other
waste generated during
remedial actions,
according to WAC 173-
303-070(3)(i) through
jv). These procedures
specify four types of
dangerous waste
determinations to be
made: discarded
chemical product
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(WAC 173-303-081),
listed dangerous waste
source (WAC 173-303-
082), characteristic
dangerous waste
(WAC 173-303-090),
and dangerous waste
criteria (WAC 173-303-
100). Further, waste
subject to federal land
disposal restrictions

considered
ngerous(WAC173-

303-140).
Treatment,
Storage, or
Disposal of
Hazardous
Wastes

Effective November 8,
1988, disposal of
contaminated soil or
debris is subject to land
disposal prohibitions or
treatment standards.

40 CFR 268
Disposal Restrictions;
WAC 173-3<f|l40.
Disposal R

I asNot anticipa
Hpjjlicabjjijhnce

waste will
_ enerated

during cleanup.

Storage or
Disposal of
Solid Wastes

Requirements for solid
waste management

Solid Waste^Disp
use
69! Ier40

Applicable to non-
hazardous waste
generated during
remedial activities.

tandards
dling (WAC

Granular
Activated
Carbon
Treatment

Meet design
for

ubpart I
40 CFR 264

SUBpaTt J Tanks; 40 CFR 264
Subpart X Misc. Units

Anticipated to be
relevant if technology is
mplemented.

general
Remediation,

reasonabli
technologi
reating wjs'tewater
from indptrial sources

ischarge to
ITS of the state.

State Water Pollution Control
Act (RCW 90.48), Water
Resources Act (RCW 90.54),
Water Quality Standards for
Surface Water (WAC 173-201 A)

Anticipated to be
applicable to remedial
technologies involving
discharges to surface
water or groundwater.

DischargeTET"
POTWs
Publicly

Owned
Treatment
Works)

Contaminated water
must be pretreated to
certain limits prior to
discharge.

National Pretreatment
Standards (40 CFR 403); Metro
District Wastewater Discharge
Ordinance

Discharges to POTWs
are considered off-site
activities; pretreatment
and permitting
requirements would be
applicable.

.isted
Hazardous
Waste

rederal standards for
dentifying and
managing hazardous
wastes.

Resource Conservation and
Recovery Act (RCRA)
40 CFR 261.24.10-11 Subpart

B)

Not anticipated as
applicable since
hazardous waste will
not be generated
during cleanup.

JAGCO-02438-770 4-5



Draft Remedial Investigation and Focused Feasibility Study - Quendall Terminals Property, Renton,
. • Washington

4.3.3 Other Remediation Requirements
Other potentially applicable requirements that apply to remediation activities
are listed in this section. These requirements do not apply to cleanup levels or
treatment and disposal activities, but place restrictions on how the remediation
may be performed. These requirements will also be considered in the
evaluation of alternatives for implementability and cost in this FS.

Table 4-4 Potentially Applicable Requirements—Other
Remediation Activities

Location/Activity Requirement/Prerequisite merits

Within 200 Feet of
Shoreline

Construction near shorelines
of statewide significance,
including marine waters and
wetlands.

sated to be
iflcable.

Within 100-year
Floodplain

RCRA hazardous waste
facility designed, operate
maintained to avoid without

Not relevant Site
not located in
floodplain.

Within Floodplain Actions that will
floodplain (i.e.,
relatively flat
inland and
must
avoid

Border 11988,
i of Flood

pins (40 CFR 6,
bpendix A)

Not relevant Site
not located in
floodplain.

Disturbance of
Greater than 5
Acres

:er Permit for WAC 173-226
RCW 90.48

Anticipated to be
applicable.

Within/Adjai
Wetlands

Acti6"ns|must be performed so
as to^minirnpe the destruction,
loss, ofcftgradation of
wetlands as defined by
Executive Order 11990

lotion 7. Requirement for no
net loss of remaining
wetlands.

Executive Order 11990,
Protection of Wetlands
(40 CFR 6, Appendix A)

EPA Wetland Actions
Plan. (January 1989,
OWWP)

Potentially applicable
requirement;
wetlands removed by
cleanup activities will
be replaced at 1.5 to
1 ratio and shoreline
revegetation will be
performed.

Critical Habitat
upon Which
Endangered or
Threatened
Species Depend

Actions must be performed so
as to conserve endangered or
threatened species, including
consultation with the
Department of the Interior.

Endangered Species
Act of 1973
(16 USC 1531 etseq.)
[50 CFR Part 200)
(50 CFR Part 402)

Chinook salmon,
bald eagle, and bull
trout listed as
threatened species.

Within State Siting
riteria for Waste

Management
Facilities

Siting criteria to be used as
nitial screen for consideration
of solid or dangerous waste
facility sites.

WAC 173-304
WAC 173-303-
282(2)(b)(iii)

No new solid or
dangerous waste
management
facilities are planned.
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Construction in
State Waters

Requirements for construction
and development projects for
the protection of fish and
shellfish in state waters.

Construction in State
Waters, Hydraulic Code
Rules (RCW 75.20;
WAC 220-1101),
Rivers and Harbors
Appropriation Act (33
USC 401, 40 CFR 230,
33 CFR 320, 322, 323,
325)

U.S. Army Corps of
Engineers
Nationwide 38 Permit
anticipated to be
relevant to dredging
and filling below the
mean high-water line.

Pump and Treat Specifications for the
extraction of groundwater or
surface water that are waters
of the state.
Reporting requirements for
lew water treatment facility.

State Water Code and
Water Rights (RCW
90.03, 90.14)
Submission ojanssrid
repqgs for
of,

Anticipated to be
relevant for
contingent remedial
activities,
'otential relevant if

are

Extraction/
Reinjection

Regulations and standards for
the underground injection of
hazardous waste and tre;
groundwater. State si
For discharges to surface
water or reinjectio

Jnjection
Dns (40

'-218,-
0.03, 90.14)

154
m of Upper

lifer Zone
tate Water Code and

Water Rights

Potentially relevant if
contingent
groundwater
remedies are
triggered.

uroundwateis
3rotection anc
Monitoring

^applicable
" riitted
nit (40 CFR

Federal: 40 CFR
264.94
State: WAC 173-304-
645(3)

Not anticipated to be
relevant

Air Emissi y and
Ambient Air Quality

irds (NAAQS) for
in monoxides, lead,
en dioxide, participate

matter (PM10), ozone, and
sulfur oxides emissions from a
"major" source.

Clean Air Act Section
109; 40 CFR 50

Emissions from site
not expected to
qualify as major
source unless: a)
emissions are
greater than 100
tons/year or b)
emissions of a
specified air
contaminant occur.

Regional ambient air quality
standards applicable to
regulated air contaminant.

uget Sound Clean Air
Agency (PSCAA)
Regulation III

Emissions from site
not expected to
qualify as major
source unless: a)
emissions are
greater than 100
tons/yean or b)
emissions of a
specified air
contaminant occur.
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Air Emissions
(Continued)

National Emissions Standards
for Hazardous Air Pollutants
(NESHAPs) for Industrial
Emissions.

Glean Air Act
National Emissions
Standards for
Hazardous Air
Pollutants (NESHAPs),
40CFR61;
WAC 173-400-075 State
Emission Standards for
Hazardous Air
Pollutants

Not anticipated to be
relevant

New Source Pretreatment
Standards applicable to new
source of hazardous air
pollutants.

40 CFR 60

Controls for New Sources of
Toxic Air Pollutants for
emission of any Class A or
Class B toxic air pollutant
(identified in WAC 173-460-
150 through-160) into
ambient air.

Potentially applicable
to releases from
remedial actions.

Potentially applicable
to releases from
lenreoial actions.

Regional Emission Standar
for Toxic Air Pollutant *""
Source of toxic air
contaminant requires a noG
of constructions

Potentially applicable
depending on
remedial technology
used.

Regional Emission Standards
for fugitive dull BACH
control

|S'CAA Regulation I Potentially applicable
to releases from
remedial actions.

Monitoring/
Extraction/
Recharge Wells

nstruction,
nment of
protection

WAC 173-160-010
through -303, -050
through -060

Anticipated to be
applicable
requirement for
remediation
activities.

Noise Conffiol Maxirn ise levels Noise Control Act of
1974(RCW70.107;
WAC 173-60)

Potentially relevant
depending on
remedial activities
selected.

Habitats!
Plants, _
Subject to State
:ish and Game

Department

Prohibits water pollution with
any substance deleterious to
fish, plant life, or bird life.

U.S. Fish and Wildlife
Coordination Act
16 USC 661 etseq.)

Relevant
requirement
Adjacent water body
s used as a
salmonid migratory
route.

general
Remediation

Site worker health and safety.

Erosion and sedimentation
controls.

WISHA (WAC 296-62)
OSHA (29 CFR
1910.120)

'uget Sound Water
Quality Management
Plan (RCW 90.70.070)

Relevant requirement
for environmental
remediation
operations.

Relevant
requirement
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4.4 Potentially Applicable Cleanup Levels
This section presents cleanup levels which may be applicable for remediation
efforts conducted at the Quendall Property. Specific selection of cleanup
criteria and action levels will be discussed in more detail in Section 6 as they
pertain to the selected remedial action.

4.4.1 Groundwater Cleanup Levels
Table 4-5 provides a list of potentially applicable cleanup levels for
groundwater. These criteria include drinking water,
groundwater standards.

Maximum Contaminant Levels (MCLs)
Water Regulations and Health Advisoi
permissible level of a contaminant hi
public water system." MTCA defines
water. MTCA Method A values are
their use is outlined in WAC 173-^
"Method A tables...are intended,
sites undergoing routine cleajp
hazardous substances."

ace water,

'04

fefineJlM||fcPA in Jfinking

is delivere|||ptny user of a
,/or groundwater and surface

£ 173-340-700(3)(a) and
to these guidelines,

consepative cleanup levels for
sites with relatively few

MTCA also defines ri
which "^re establishedfusing
equaj'
to
B Grouri!
Cleanui

ethod.

isk

criteria (WAC 173-340-700(3)(b))
state and federal laws or the risk

«B8SR£720 through 173-340-750." According
iod B is applicable to all sites." MTCA Method

ater values are taken directly from the MTCA
culations (CLARC II) Update (February 1996).

1 73-340- IppT states that "Where cleanup levels are below the
tical quantisation limit, compliance with cleanup standards will be based

fhe practicajrquantitation limit." Estimated quantitation limits (EQLs) for
ounds and benzene are also included in Table 4-5. The EQLs

_ for EPA Method 8270* as provided hi SW-846. Practical
Quantitation Limits (PQLs) are instrument-specific, so SW-846 simply
provides estimates (EQLs) of the PQLs and there is no standard reference for
PQLs. Local laboratories were surveyed to obtain estimates of achievable
PQLs using EPA Method 8270/SIM (selective ion monitoring). Various
analytical labs were surveyed and provided PQLs ranging from 0.1 to 0.3
ug/L; these values are included in Table 4-5. A limited number of laboratories
are able to achieve a PQL of 0.01 ug/L using EPA Method 8270/SIM-PRO.

Cleanup levels for groundwater were selected as the minimum of the
applicable cleanup standards for protection of surface water and human
consumption of organisms. In the event that this value was below the PQL,
the PQL was selected as the cleanup level as specified hi WAC 173-340-
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700(6). No cleanup levels are available for acenaphthylene, phenanthrene, or
benzo(g,h,i)perylene. To demonstrate that the proposed remedy will result in
ground-water concentrations that are protective of sediment, modeling was
performed.

4.4.2 Soil Cleanup Levels
Potentially applicable soil cleanup levels are presented in Table 4-6. The
cleanup levels provided in this table include:

• MTCA Method B Direct Contact, and

• MTCA Method B lOOx Groundwat

MTCA Method B values are derived fo
contact with impacted soil and for prot
multiplier of 100 to account for e
groundwater. These values are calcul
WAC 173-340-720 through 173-340^

Each of the direct contact
MTCA allows a total risk
PAHs, using individual a
10-6, which is lower

direct
standard

leaching from soil to
equations presented in

risk per compound,
are seven carcinogenic

on 10-6 yields a total risk of 7 x

ifel risk of 10-5 under MTCA.

Also

cnemicaPi
173-34J
199 Once

have little

aons RfiHSPrCA, Ecology has included an alternate
^cleanup levels protective of groundwater based on

This alternate method is included in WAC
Reused Draft MTCA Rule Amendments (Ecology,
jese calculations have not been performed since they
on these cleanup criteria and minor changes in the

11 not impact the proposed soil remedy.
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5 Remedial Technologies
This section identifies and screens selected technologies that are potentially
applicable for remediation of soil, groundwater, and sediment at the Quendall
Terminals site. The media-specific technologies were selected on the basis of
the nature, type, and extent of contamination present at the site. In addition to
the media-specific remediation technologies, site-wide monitoring and
institutional control measures are identified and discussed.

A screening-level evaluation is provided to assess each media-specific
technology in terms of the technology's probable
site remedial action objectives (RAOs), andLin
by MTCA (WAC 173-340-360).
appropriate and representative technolofres
evaluation in the cleanup action plan, cif imteria
evaluation include:

ertiygiress at achieving
criteria specified

that the most
further

screemng

• Implementa
implemeQtiri

Effectiveness—The ability
provide a permanent s<
minimize potential L
during implementajfon.

logy to meet RAOs,
ecific conditions, and

1th and the environment

technj|al and administrative feasibility of
(e.g., administrative considerations

^^ permits and the availability of workers,
>sal services, and supplies).

ited capital and operation and maintenance costs

ig of remediation technologies for soil, groundwater,
are summarized in Tables 5-1 through 5-3. Specific

of a given technology at the Quendall Terminals site are
as appropriate. Based on the screening evaluation, the most

jmising technologies were retained for potential incorporation into the
remedial alternatives in Section 6.

5.1 Technologies for Remediation of Soil
This section discusses technologies potentially applicable for remediation of
contaminated soil at the Quendall Terminals site. As discussed in Section 1.1,
PAH compounds, benzene, and DNAPL contamination have been identified
in soil at the site. The remediation technologies presented in this section
include excavation, thermal desorption, incineration, bioremediation, offsite
landfill disposal, soil washing, stabilization/solidification, capping, soil
flushing, in situ vitrification, soil vapor extraction, and bioventing. Brief
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descriptions of each of these alternative technologies are presented along with
a discussion of implementation Implications for the Quendall Terminals site.

Excavation
Description of Technology—Excavation involves the use of conventional
construction equipment (e.g., backhoe, front-end loader) to remove
contaminated soil and clean overburden. Excavation may include shoring,
localized control of groundwater and surface water, segregation and
stockpiling of excavated clean overburden and contaminated soil, and
backfilling and regrading. Much of the contaminated soft would require
dewatering prior to treatment or disposal, and i||lkwaflr produced from
dewatering would likely require treatment||rior to^^^fesal. Excavation of
contaminated soil for ex situ treatment orfaisposaUulellfllKKthe potential for
short-term exposure of workers to site cdl

Typical unit costs for excavation and
follows:

ion-related activities are as

Activity Unit Cost

Excavation and Stockpiling $10 to $15 per ton

Dewatering. Water Trea
Disposal $10 to $20 per ton

$5 to $10 per ton

large volumes of soil are excavated (i.e., more than
not include the cost to purchase soil to backfill

lation—Excavation of contaminated soil is prerequisite to any
^posed ex situ treatment or disposal processes. Excavation is an

effective means of reducing contaminant volume and decreasing potential
long-term exposure to contaminants, although excavation introduces the
potential for short-term exposure of workers. Excavation is likely to provide
significant additional long-term protection of human health and the
environment.

Calculations were performed to estimate the pumping rates required to
dewater an excavation. Details of this effort are included in Appendix C.
Dewatering rates are estimated at up to 90 gpm for the shallow unit and 300 to
350 gpm for the deep sand layer. Based on these estimated dewatering rates,
it is impractical to dewater the sand layer for excavation of the shallow unit.
In addition, calculations were performed to evaluate the depth to which an
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excavation can be completed into the shallow unit without resulting in heave
or piping due to hydrostatic pressure in the sand unit. Based on these
calculations, the maximum possible depth of excavation at the Quendall
Terminals property is approximately 14 feet bgs (PacRim, 2000).

Focused excavation of DNAPL-contaminated soil could be used to limit
potential migration of DNAPL to Lake Washington and reduce the long-term
source of contaminants to groundwater. Excavation is retained for further
consideration as a potential technology for removal of DNAPL-contaminated
soil. Because excavation can only occur at a depth of less than 14 feet below
grade, it is not anticipated that excavation will be^wjdej^ltpplicable at the
Quendall Terminals property.

Thermal Desorption
Description of Technology—The;
technology for remediation of soil coni
compounds. During the process, vola
separated from excavated soil thro
agitation. Temperatures of
contaminants from excavated
to a gas treatment unit. Thi
gas treatment process,
are also used. Thenriade;
contaminant volumg^mpbility
effectiflmallo

Thermal
offsitejjjcei
at thpfite for tfi

Feed rate
1 treatment q
.are beini

used

with a variety of organic
rolatile contaminants are

.heat, and mechanical
used to volatilize

it vapors are transferred
most common and preferred

iblogjes such as carbon adsorption
Its in a permanent reduction in
. The process is often sufficiently
as backfill in the excavated areas.

ccomplished using onsite mobile units or at
its. ©nsite units require that sufficient space is available

ent unit and for contaminated and clean soil stockpile
nsite units typically range from 20 to 90 tons per hour,

range from $40 to $50 per ton, assuming large volumes of
:ated. Thermal desorption at an offsite facility would require

jckpiling contaminated soil, as well as an area for imported clean
lite treatment of contaminated soil also would require transport, likely

via truck along public streets. As such, haul roads and traffic patterns would
have to be established and maintained. The estimated cost for offsite
treatment at the TPS facility hi Tacoma, Washington, is $40 to $50 per ton,~
including transportation.

Screening Evaluation—Thermal desorption is a proven and cost-effective
technology that is readily available and moderately simple to implement. The
thermal desorption process results in a permanent reduction in contaminant
volume, toxicity, and mobility. Onsite thermal desorption units can be used to
eliminate the costs associated with transport of contaminated soil and clean
fill to and from the site. Thermal desorption is often capable of achieving a
sufficient reduction in contaminant concentration to allow the treated soil to
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be used as backfill in the excavation areas, thereby limiting costs associated
with purchase of imported clean fill materials. Thermal desorption is retained
for further consideration.

Incineration
Description of Technology—Incineration is a demonstrated remediation
technology for the treatment of soil containing organic contaminants. The
incineration process uses high temperatures (1,600°F to 2,200°F) to volatilize
and subsequently thermally oxidize organic contaminants. When properly
operated, incineration can achieve greater than 99.99 percent destruction of
organic contaminants. It can be performed onsitejfusiH^fperrnitted mobile
incinerators or offsite at a permitted, comm^cial f^^^^Similar to thermal
desorption, incineration requires excavation and contaminated
soil, and stockpiling of clean fill materials. J^uier^^^^^^are highly
dependent on the volume of material faeiagiffreated, the e^^minant type,
permitting requirements, and the type of ujj|||||itgr used. Typical costs range
from $300 to $1,000 per ton.

Screening Evaluation—Incinerati'
^̂ ^~™ " --- • j£$r—-

more aggressive treatment teeBnolo]
generally readily available, ana moderate
can be performed using onlsije or (
operation of incinerati
The incineration

lar to Hipnhal desorption, but is a
ion is well demonstrated,
to implement. Incineration

ite trejftment units. However, permits for
becoming increasingly difficult to obtain,

permanent reduction in contaminant
is generally more effective than thermal

ly more costly. Incineration is not retained for
[ermal desorption is less costly and has been

iveffh-eat the constituents of concern at this site.

Biorerrrediation (
ascription

farming)
Technology—Bioremediation via landfarming is a

the

;chnology that has been widely used at wood treatment
^remediate soil contaminated with PAH compounds and creosote.
landfarming process, contaminated soil is excavated and spread

over a prepared treatment bed. Careful control of nutrient concentrations,
moisture levels, and oxygen content is maintained in the treatment bed soil,
accelerating microbial bio-oxidation of the organic contaminants. The soil is
treated in shallow lifts, which are removed from the treatment bed once
specified treatment goals have been achieved. The process has been reported
to achieve contaminant destruction efficiencies ranging from 50 to 90
percent — achieving a permanent reduction in contaminant volume, mobility,
and toxicity. Costs for landfarming typically range from $30 to $40 per yd3.
Typically, 500 to 4,000 yd3 of soil can be treated per acre of treatment bed,
over a treatment period of 6 months to 1 year.
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Screening Evaluation—Landfarming bioremediation of organic contaminants
leads to a permanent reduction in contaminant volume, toxicity, and mobility,
thereby reducing the long-term potential exposure to site contaminants. The
potential for short-term exposure of workers to the contaminants exists,
however, throughout the excavation and landfarm treatment process.
Bioremediation typically is not as effective as thermal treatment techniques,
and is not significantly less costly than thermal desorption. More importantly,
landfarming requires an extended treatment period (e.g., 6 months to 1 year)
to achieve a significant reduction in contaminant concentration, and is thus
incompatible with the desired remediation schedule fot, the Quendall
Terminals site. Landfarming is not retained for furthexcon$ueration.

Offsite Landfill Disposal
Description of Technology—Contamins
Terminals site can be disposed in an ap
These landfills are secure, lined facilities!
materials and to prevent contact with
providing long-term protection
Landfill disposal does not reduc
and there is a potential for shoj

landfill.
Led to contain contaminated

:al receptors, thereby
id the environment

ie, toxicity, or mobility,
rorkers to the contaminants
ited soil. Offsite landfillduring excavation and

disposal of contairu^tedlpSl wouTd requife transport, likely via truck along
public streets. As suc^naul^^ads ana traffic patterns would have to be
established and mltolined. costs at a Subtitle C landfill (for

to $200 per ton, and at a Subtitle D
per ton, including transportation.

landfill disposal would reduce potential
Hlpminants and prevent exposure of human or ecological

ited materials. Landfill disposal would not reduce
e, mobility, or toxicity. Landfill disposal would require

of contaminated soil and purchase and transport of clean fill
ch would be more costly than onsite thermal desorption

Offsite landfill disposal is retained for consideration as an alternate
technology should ex situ treatment (e.g., thermal desorption) prove
infeasible.

Soil Washing
Description of Technology—Soil washing is an ex situ remediation process
designed to separate contaminants from excavated soil. Excavated soil is
mixed with plain water or water containing a chemical additive. Additives
such as surfactants or solvents are used to enhance contaminant solubility.
Soil washing can be used to achieve one of two goals:

• Separate the fine particles from the excavated soil to minimize the
amount of soil requiring treatment and/or offsite disposal (in
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general, most soil contaminants are associated with soil fine
particles), or

• Dissolve the contaminant in the washing solution.

Separation of the fines can reduce the volume of soil requiring treatment or
disposal, but does not in itself reduce the mobility or toxicity of the
contaminant. Following contact with the soil, the wash solution is treated to
remove the contaminants and, if applicable, recycle the chemical additive.
Soil washing costs typically range from $120 to $200 per tonjjiowever, due to
the insoluble nature of the PAH contamination eneoun^ea, costs may be
higher for soil at the Quendall Terminals site

Screening Evaluation—Soil washing is ?ojten an
contaminant volume. However, the soi;
less effective than other treatment alterrii
offsite landfill disposal. As a result, soi]
where minimization of contaminated soil vol
washing is not retained for further consideration.

4fStabilization - Shallow SoiUMixi
Description of Technolo
such as cement or fly

reducing
and

ich as menrudesorption or
y.s typically limited to sites

a high priority. Soil

ivolves adding chemical additives,
of contaminants from impacted

solution. The stabilization technology
The in-situ soil treatment technology

of contaminated soil in a concrete matrix. This
d for civil engineering applications to provide
soft soil. The appropriate slurry or dry mix is

soil under high pressure and mixed in situ with the
tracked unit which provides rotary mixing. Soil is

e-blade auger or with a solid stem augers ranging from 3 to
:er. Mixing can be accomplished to depths exceeding 100 feet

iod.

Laboratory testing is required to demonstrate the effectiveness of the
stabilization/solidification process, and to achieve the optimal mixing ratios
for full-scale application. Costs for shallow (less than 40 feet) soil mixing
range from $40 to $80 per cubic yard, depending on depth and the slurry mix
required for the site, with placement rates typically 40 to 60 cubic yards per
hour for each mixing rig.

The encapsulation of the contaminated soil reduces toxicity and mobility, but
does not reduce contaminant volume. The encapsulated material also acts as a
barrier to groundwater movement.
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Screening Evaluation—Stabilization
in. reducing

of contaminated
the mobility and

soil has been
teachability ofdemonstrated effective

hydrocarbons. A significant advantage to stabilization soil technologies is the
elimination of the requirement for excavating and treating contaminated soil.
This greatly reduces the exposure risk of site workers and nearby residents,
eliminates the need for stockpile areas, loadout areas and heavy truck traffic
on public roadways, and minimizes material handling costs. Stabilization is
retained for further consideration.

Capping
Description of Technology—Capping technologies^
direct human exposure to the cont
contaminant mobility by isolating the affe'eWd soiL
of a clean soil layer to provide a physica^arrier^Kf direa

cap
dermal cd
lots,

inants

Jgned to minimize
»pme cases, reduce

carjrconsist
itact with

materials "|e|g^asphalt) that
Itration to the affected soil,

site redevelopment can
logy, not a treatment

Si contaminant volume,
%g range from $1 to $3 per
These costs do not include

the affected soil, and/or a layer of ii
provide a barrier to both direct exposure]|jr|j
Buildings and similar structures constjpcte
also serve as a cap. Capping is
process, and thus does not
mobility, or toxicity. Estimat
square foot, depending ontiienat
the costs required for caEsmainter

effective and relatively inexpensive
to soil contaminants. A clean material

, 2 to 3 feet) is applicable to the site to prevent
tent structures, such as buildings and parking
effective barriers to exposure to site soil

ance of the cap would be required to ensure cap
effectiveness. Careful design and control of surface

cap revegetation measures would be required to prevent
controls would be required to ensure that future site

not interfere with the cap performance. Appropriate controls
prescriptive measures for worker safety during site excavation

or other construction-related activities potentially involving contact with soil
contaminants beneath the cap. Additional measures would include deed
restrictions requiring that following any disturbance, the cap be replaced or
that another equally protective measure be taken. Capping is retained for
further consideration.

Soil Flushing
Description of Technology—Soil flushing is an hi situ soil remediation
technology similar to soil washing. Soil flushing attempts to extract
contaminants from soil by flushing the soil in situ with water or with water
containing a chemical additive. The flushing solution is applied to the
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affected soil via well injection or surface infiltration, and the contaminant-
bearing leachate is collected using extraction wells located downgradient of
the treated soil zone. Once extracted, the leachate water is treated using
established ex situ water treatment processes. Soil flushing, when combined
with ex situ water treatment, results in a permanent reduction in contaminant
volume. Soil flushing can potentially result in increased long-term mobility of
residual contaminants, as contaminant solubility may be enhanced by remnant
washing solution. Application of soil flushing technology is limited to sites
with favorable hydrogeologic conditions that allow for efficient flushing of
the contaminants from the soil and for complete recoverof the leachate
solution. The presence of free-phase contamrnan
substantially limit the effectiveness of soil
depends greatly on the composition of melvsh
$25 to $250 per cubic yard.

DNAPL) can
for soil flushing
can range from

In Situ Vr
Descriptio:

Screening Evaluation—The soil flushing
reduction in contaminant volume.
process, and thus eliminates the
contaminants due to
subsurface would
presence of nearby surface-water
demonstrate and relativetelow
consistent application
consideration.

in a permanent
s an in situ remediation

5ntial><5^^^Wker exposure to soil
the^Soce of DNAPL in the

of soil flushing. The
ila*i^^pKydraulic control difficult to
icabpty of shallow soil would make

shing is not retained for further

situ vitrification is a soil remediation
facing electrodes into the ground and inducing an

ele_ofSc current 1||||Eprate extremely high temperatures in the affected soil,
high tempjpraiures cause the soil to melt, immobilizing inorganic

itaminants bjp encapsulating them in a glass-like matrix and destroying
c contajrunants via thermal oxidation. During the treatment of soil

ganic contaminants, such as the soil at the Quendall Terminals
placed over the treated area is often required to control off-gases

released during the treatment process. The vitrification process reduces the
volume, mobility, and toxicity of organic contaminants. Vitrification is a
complex, high-energy technology that requires a high degree of expertise and
training. As such, costs for in situ vitrification are high, typically on the order
of $700 per ton.

Screening Evaluation—In situ vitrification would lead to a permanent
reduction in contaminant volume, toxicity, and mobility, and would limit the
potential for long-term exposure to site contaminants. As treatment is
performed in situ, there is no potential for worker exposure to contaminants
due to soil excavation. However, off-gases produced from vitrification can be
potentially harmful if proper control measures are not implemented.
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Converting soil to a solid, glass-like mass during vitrification could limit
potential future site uses and redevelopment. In addition, in situ vitrification
is cost-prohibitive. In situ vitrification is not retained for further
consideration.

Soil Vapor Extraction
Description of Technology—Soil vapor extraction (SVE) is an in situ
remediation process designed for the removal of volatile or semivolatile
contaminants from unsaturated soil. The SVE process involves installing air
extraction wells in vadose zone soil, and applying a vacurihi to induce the
flow of air through the soil. Volatile contammants J||stopped from the soil
matrix with the moving air, and the extrac^^air il||||||reated ex situ using
established gas treatment processes (e.g.,^p^-anula^^^^ed carboj^GAC]
adsorption). In some cases, air injectionwells^^requrf^^^^d^^n to the
air extraction wells to enhance air flow||ilidj?increase corMrjimant removal
efficiency. Air flow, and thus SVE effic^^^^Jimited by low permeability
strata and high soil moisture contenz^^^^^manentiy reduces the
contaminant volume and, dependin^^m the •sgllj|p5atment process, also
reduces the mobility and toxicity^^^^^^conta^nants. A typical cost for
SVE, excluding the cost for tre^ent^^^^e^s $50 per ton.

Screening Evaluatio
produce a permanent
process^wpuld be
the re^^ky si
likely
considerai

Bioventi

in cornjmied with gas treatment, would
contaminant volume. However, the SVE

ic Quendall Terminals site because of
the presence of DNAPL, and would not

the site RAOs. SVE is not retained for further

tology—Bioventing is a demonstrated treatment process
rSVE. Unlike SVE, which strips the contaminants from the
sing high air flow rates, bioventing uses lower air flow rates

|5al of stimulating the bio-oxidation of the contaminants by
ng oxygen (by the induced air flow) to naturally occurring

microorganisms. Bio-oxidation reduces contaminant volume, mobility, and
toxicity. Unlike SVE, bioventing is not limited to volatile and semivolatile
contaminants, and is applicable to any other organic contaminants that are
susceptible to aerobic bio-oxidation. Aboveground off-gas treatment is often
required for bioventing, and air flow can be limited by low permeability strata
and soil with excessive moisture. Too little soil moisture can also limit
bioventing efficiency by limiting biological growth. Typical costs for
bioventing range from $10 to $50 per cubic yards of soil.

Screening Evaluation—Similar to SVE, bioventing would produce a
permanent reduction in contaminant mass, but is not likely to achieve the
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RAOs established for the Quendall Terminals site. Bioventing is not retained
for further consideration.

5.2 Technologies for Remediation of
Groundwater
This section identifies and screens technologies potentially applicable for
remediation of contaminated groundwater at the Quendall Terminals site. As
discussed previously, contaminants detected in groundwater at the site include
PAH compounds, benzene, and DNAPL. The remediation technologies
presented in this section include natural attenuation^grouMwater extraction,
impermeable barrier wall, passive treatmentswall, j^^^^ recovery trenches,
and biosparging. Brief descriptions of eafrrof t h e ^ d v e techrlologies
are presented along with a discussion
Terminals site. The technologies p r e s ^ e screenecnperms of their
ability to cost-effectively achieve the through the destruction
and/or containment of the site

Natural Attenuation
Description of Technology-
chemical, physical, and
environmental con
microbial biodegradati

:esses
x«uxaa>.

to

subsurface
iminants

fers to naturally occurring
that contain or degrade

rption to aquifer materials and
its are common examples of

lity of a contaminant or degrade it
icnts. Natural attenuation requires that

abundant dissolved oxygen) exist in the
of natural attenuation processes requires

and other indicator compounds (e.g.,monitoring
biodegradation

must be
jar

aonstrations^The cost associated with natural attenuation is related to the
jf these«demonsrration activities.

5, dissolved oxygen, redox potential). This monitoring
by computational modeling and/or laboratory

ig Evaluation—Natural attenuation processes have been demonstrated
to be sufficiently effective to meet remediation goals at several sites in the
United States. However, given the extent and nature of the contamination at
the Quendall Terminals site, and the close proximity of the groundwater
contaminants to Lake Washington, it is uncertain whether natural attenuation
processes are sufficiently effective to meet the site RAOs. Natural attenuation
is retained for consideration, although it will not be applicable until source
removal or treatment activities have occurred.

Groundwater Extraction
Description of Technology—Groundwater extraction is a remediation
technology that involves the extraction of contaminated groundwater,
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typically through the use of groundwater extraction wells, followed by ex situ
treatment using established water treatment processes. Treated water would
be discharged to the Renton POTW or to surface water under an NPDES
permit. Groundwater extraction together with ex situ treatment is commonly
referred to as "pump and treat." Groundwater extraction is generally used to
hydraulically control the contaminated groundwater and prevent its further
migration.

Pump and treat would reduce contaminant volume, toxicity, and mobility;
however, it does not effectively remove contaminants fronx the subsurface.
Pump and treat relies on either the physical removaLs>f N.̂ PL or the removal
of dissolved constituents along with groi
begins, some NAPL is initially removabh
in soil and the relative productivity of tbi
the direct removal of NAPL does not
NAPL would be recovered after this iniil
the NAPL constituents is so low, remoyj
slow and DNAPL at the Quendall Tei
source of contaminants to groi
technology would involve
Installing groundwater exlraepn wls c~<
with additional costs rnGftffed tofburcl
system. Annual operatijsp<ind rnaintt
are estimated at $2!

pump and treat
4APL

iowever,
little or no

solubility of
: dissolved phase is very

Id act as a long-term
!sult, this remediation

"and maintenance costs.
pJroximately $25,000 per well

"and operate a water treatment
costs for a pump-and-treat system

of redr"8*
sources
rarela^Seen sha

le. The I!
slementation

surfa
ater

iciency.

gundwater extraction is a highly inefficient means
linant volume, particularly when long-term
lants such as DNAPL are present, and has

capable of achieving site RAOs in a reasonable time
lood of residual DNAPL being present following

remedial activities would limit pump-and-treat remediation
roundwater extraction is retained for consideration as a

iproach, but will not be considered for source removal and

Impermeable Barrier Wall
Description of Technology—Impermeable barrier walls, such as slurry walls
or sheet piling, can be installed along a vertical plane in the subsurface to
provide a barrier to contaminant flow. Slurry walls are installed by
excavating a trench and backfilling the trench with a soil-bentonite or soil-
cement mixture, producing a barrier with hydraulic conductivity of 10"5 to 10"
cm/sec. Slurry walls cost $7 to $12 per square foot to construct. Treatment of
contaminated soil excavated during the slurry wall installation process would
add additional cost Sheet pile barrier walls are installed by driving
interlinking steel sheet piling into the subsurface. Permeability of sheet pile
barriers is limited to leakage through the interlocking joints, which are often
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sealed (e.g., via grout injection). Unlike slurry walls, sheet pile walls can also
be installed offshore hi Lake Washington sediments. Sheet pile installation
costs between $20 and $30 per square foot.

Screening Evaluation—At the Quendall Terminals site, low permeability
barrier walls could provide a barrier to direct groundwater and potential
DNAPL discharge to Lake Washington. Impermeable barrier (or
containment) wall technology has been demonstrated to be an effective means
of reducing contaminant migration. A containment wall placed adjacent to the
lake shoreline to a depth of 25 to 30 feet would slow the flow, of groundwater
contaminants offsite and reduce the potential for E^A||Jp'migration to the
lake. Offshore installation of sheet piling tpjcreat
DNAPL flow could be an effective meallrbf d
DNAPL migration to Lake WashingtonJfA coni
further consideration.

cal barrier to lateral
the potential for

s retained for

Passive Treatment Wall
Description of Technology—Passivi
installation of a permeable wall
intercept contaminant flow,
the reactive material,
biological reaction wi
to direct contaminat
and GAC are co:
o r g a n c h

wall and'5

Operati
redu^Bon probl

lodic replaci
lificantly i

hnology involves the
ong a vertical plane to

•oundwater passes through
attenuated by chemical or

.cable barrier walls are often used
passive treatment wall. Peat moss

als used for treating nonchlorinated
Quendall Terminals site. The cost of

wall depends on the physical dimensions of the
tive>'58j||pal used, and as such, is highly site-specific,

tenance costs include costs of maintaining permeability
ed by precipitate formation within the wall, and for

BFof the reactive material. The presence of DNAPL may
the functional ability of the passive treatment wall.

Evaluation—Passive treatment wall technology has been
ated at some sites as an effective in situ process for reducing

contaminant volume and/or preventing offsite contaminant migration.
However, the presence of DNAPL in the subsurface at the Quendall Terminals
site demonstrated that a passive treatment wall is not likely to be effective in
those areas. Passive treatment wall technology is retained for further
consideration in areas where DNAPL is not present.

DNAPL Recovery Trenches
Description of Technology—DNAPL recovery trenches are subsurface
trenches installed to intercept and recover DNAPL plumes. Installation of the
recovery trenches involves excavating a trench downgradient of the DNAPL
plume, placing a perforated collection line at the bottom of the trench, and
backfilling the trench with coarse material (e.g., gravel). As DNAPL
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intercepts the trench, it preferentially migrates down the permeable backfill
material to the collection line, and is pumped to the surface using a recovery
sump. The DNAPL is stored at the surface and periodically transported to an
offsite facility for treatment, reuse, or disposal. This process results in a
permanent decrease in contaminant volume, toxicity, and mobility. Handling
recovered DNAPL can result in potential short-term exposure of workers to
site contaminants. Typical costs for installing DNAPL recovery trenches
range from $30 to $50 per square foot. Additional cost would be incurred for
pumping equipment, piping, and operations and maintenance

r AS
dwater^ewa

dwater
ated soil

iot effective at
can result hi the
n of the Benches

[uired
!ely require

wring trenching
[xposure to contaminants,

tering with soil and
not retained for further

Screening Evaluation—DNAPL recovery trench
removing a significant amount of contaminant
spreading of contamination at greater d
would involve excavation, localized gro
during trench installation, and the pum
treatment. Furthermore, excavation o
would result in a short-term potential jj
and contaminated soil would liker
groundwater treatment. DNAPL
consideration.

Biosparging
Description of Technolcpv—-Bij^argmfi^s an in situ remediation technology
designedvto stim^D^the a^^^^^)-oxidation of organic groundwater
contaminahts by^^^^^ occunligsubsurface microorganisms. The process

air into wells screened below the water table,
'concentration in the groundwater and overlying

"stimulating aerobic bio-oxidation of organic
its. T$l|||p?ging process can volatilize (or strip) volatile and semi-

contamirranK from groundwater, causing the contaminants to migrate
the ovCTlyipf unsaturated zone. Biosparging permanently reduces

ataminanUvMume, toxicity, and mobility.

Evaluation—Biosparging is an effective means of containing
groundwater contaminants at the Quendall Terminals site. A treatability study
(RETEC 1997) demonstrated that an increase in oxygen can successfully
degrade PAH compounds and benzene. Biosparging would result hi a
permanent reduction in volume, toxicity, and mobility of groundwater
contaminants. Furthermore, if the induced bio-oxidation rate of the
contaminants is sufficiently rapid, biosparging could prevent migration of
groundwater contaminants to Lake Washington. Biosparging is retained for
further consideration.
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5.3 Technologies for Remediation of Sediment
This section identifies and screens technologies potentially applicable for
remediating contaminated sediment and sediment wood waste at the Quendall
Terminals site. As discussed in this report, PAH and benzene contamination
and wood waste have been identified in Lake Washington sediment
immediately adjacent to the Quendall Terminals property. In addition,
DNAPL associated with the Quendall source area has been identified at
approximate depths of 5 ft and 15 ft below the mud line, respectively.

The remediation technologies presented
recovery, dredge and removal, upland
incineration, bioremediation, and landfill
containment facility. Brief descriptij
technologies are presented along wii
implications for the Quendall Terminals si

Natural Recovery
Description of Technology—Na
chemical, physical, and biolc

in this
itment

lectiofljJFlnclude natural
icrrnal desorption,

and a nearshore
iese airernative

_J§E3sSS~~
ussion

naturally occurring
function to contain or

ents. Sedimentation anddegrade environmental conmrninanl
microbial biodegradation^p examples ofMatural processes that may reduce
availability of a cont&mnantjjpr degrade it to less toxic or nontoxic
constituents. NaturalIllcoveilllbguiles that specific conditions (e.g., pH,

Monitori
laboratory demo
o e s e demons

;en) exiilllrPSie sediments. Demonstration of natural
monitoring of contaminants and other indicator

ion products, dissolved oxygen, redox).
LUsfW supported by computational modeling and/or

. The cost of natural recovery is related to the cost
activities.

greening Evaluation—It is unlikely that natural recovery processes would be
Dtective at the Quendall Terminals site without additional

icasures. As a result, natural recovery is retained for further
consideration, but only to address residual impacts after source removal has
occurred.

Dredge and Removal
Description of Technology—Dredge and removal involves the use of
mechanical or hydraulic dredging technologies to bring contaminated
sediments to the surface for ex situ treatment, recycling, or disposal. Dredged
sediments would be transported upland and dewatered, and the water
produced would be treated. The dredge and removal of sediments process,
when combined with ex situ treatment, reduces contaminant volume, toxicity,
and mobility. During the process, there is a potential for short-term exposure
of workers to contaminants.
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Various dredging technologies are potentially applicable at the Quendall
Terminals site. Hydraulic dredges vacuum sediments in a slurry through a
pipeline to the surface. Mechanical dredges collect discrete volumes of
contaminated sediments in a suspended bucket. Land-based excavating
techniques (e.g., backhoe excavation) are potentially applicable for removal of
nearshore or shallow sediments. Unit costs for dredge and removal of
contaminated sediment range from $40 to $60 per yd3 of dredged material.
Dredging of non-contaminated sediments, such as the less than 50 percent
wood waste zones, is considerably less costly ($8 to $12 per yd3) as re-
suspension and loss of contaminants is of less concern.

Screening Evaluation—Dredging and remo}
for any sediment remediation alternath
These approaches are the only technology
permanent reduction in contaminant
dredging process would increase pote
contaminants. Following dredging, sedtf
dewatered, treated, recycled (i.e., reuse_pf'
of at an offsite landfill. The wateis

jd^S

require treatment prior to dispajjaTin
Lake Washington. Some ofjne dredged''
clean materials or, if ajljfcable^nvith
removal technologies arJlFetaine

tec!
it ur

consgJerei
foxicity,
:posure

is would be required
situ treatment,
iuldsfjroduce a

y'. The
of "workers to site

Upland Ti

Id be transported upland,
material), or disposed

^watering would likely
iwer or discharge back to

iuld require backfilling with
ited sediments. Dredging and
consideration.

•Upland treatment refers to the collection of
gies that can be used to treat contaminated

loved from the lake. These technologies include,
itment technologies presented hi Section 5.1 of this

atment of excavated soil. These technologies include
i, incineration, bioremediation (landfarming), and landfill

Evaluation—Upland treatment of the contaminated sediment would
eliminate the costs associated with transport of contaminated soil and clean
fill to and from the site. As described hi Section 3.5.1.2, onsite thermal
desorption is retained as an ex situ treatment process for the Quendall
Terminals site. Landfill disposal is also retained as an alternate technology.

Capping
Description of Technology— Sediment capping technologies are appropriate
for isolating impacted sediment from aquatic receptors. The sediment cap
would require placement of clean material to a thickness of at least 1 foot to
isolate contaminants from the bioactive zone. Amendments, such as GAC,
may also be considered to reduce the flux of contaminants to surface water.
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There is a variety of capping placement methods either used or considered
elsewhere (Palermo et al., 1995). The methods include hydraulic pipeline
delivery to either a floating spreader box or submerged diffuser; dozing,
clamming or washing of barged capping materials to settle through the water
column; distribution by controlled discharge from hopper barges;
mechanically-fed tremie to the bottom; high-pressure spraying (monitoring) of
a hydraulic sediment-water slurry across the water surface. Important factors
in selecting the cap placement method is to assure minimum capping
thickness over the entire remedial area, limit resuspension and loss of
contaminated sediment to the water column, and prever&. mixing of the
contaminated sediment into the emerging cap layejsL Experience elsewhere
has confirmed that allowing the capping material
column rather than impact the bottom
hydraulic flow will tend to satisfy tggse
placement range between $8 and $14 pei

.e through the water
densitapdriven

cap

(RETEC,

Screening Evaluation—Placement of a
technology for reducing exposure. Based
Sediment Memorandum
judged to be the best method
and consistent placement q
contaminated sediments
for further consideratio

Nearshor

cap is a demonstrated
ations presented hi the
?placement method was

ieve the required accurate
resuspension and loss of

Sediment capping is retained

•A nearshore containment facility involves the
facility immediately adjacent to the existing

1 is placed along the desired outer limit of the
reen the wall and the shoreline is filled with

sediment or soil, or with clean fill. The area ouside
? filled and graded to provide suitable aquatic habitat. At the
Is site, a nearshore containment facility could be designed

"facility for contaminated sediment and as a cover for all or most
DNAPL identified at the site. Such a facility would not reduce

contaminant volume, toxicity, or mobility, but would restrict potential
migration of sediment contaminants and DNAPL to the lake. It would also
reduce long-term potential for exposure to the contaminants. The cost of a
nearshore containment facility would include the cost of barrier wall
construction and dredging and placement of soil within the facility.
Additional costs would include those associated with mitigation for shoreline
impacts, wetland replacement, and lake infilling and habitat destruction.

Screening Evaluation—A nearshore .containment facility would be an
effective means of containing contaminated sediments and wood waste, and
would provide a barrier to potential DNAPL seepage into Lake Washington.
On the other hand, the facility would not reduce contaminant volume, toxicity,
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or mobility, and would potentially expose workers to contaminants during
excavation and during placement of contaminated sediments within the
facility. Furthermore, construction of the facility would require substantial
mitigative action. The nearshore containment facility is retained for further
consideration, but is anticipated to be administratively complex to implement.

5.4 Summary of Screening-Level Evaluation
Tables 5-1 through 5-3 summarize the results of the screening evaluation of
remedial technologies. They also list media-specific technologies that are
retained for consideration during the development ̂ f thejproposed cleanup
action plan for the Quendall Terminals site.

5.4.1 Institutional Controls
Institutional controls, such as deed and
part of most remediation efforts. Institutii
assurance that human health and the
subsurface contamination left in placeJ;ollo\
measures. Institutional control^^^M^for
breadth and intensity, dependingwTI

essential
itrols are designed to provide

protected from residual
icntation of remedial
site would vary in

ion selected.

5.4.2 Compliance
Compliance monitqrir

mg

soi
reme
enviror
requirenxe
actionsSelectec

remediation efforts. Postremedial
^sediment is required to ensure that

3equately and protect human health and the
that site RAOs have been meet. Monitoring

itensity and duration, depending on the cleanup
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Table 4-5 List of Groundwater Cleanup Levels (f^g/L)

Contaminant of
Concern

Benzene

Naphthalene

Acenaphthylene

Acenaphthene

Fluorene

Phenanthrene

Anthracene

Fluoranthene

Pyrene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Dibenzo(a,h)anthracene

Benzo(g,h,i)perylene

Indeno(l,2,3-cd)pyrene

Pentachlorophenol

MCL
(EPA,
1996)

—

—

—

—

—

—

—

—

—

—

—

—

—

0.2

—

—

—

—

MTCA
Method A

Groundwater
(WAC 173-340)

—

—

—

—

—

—

—

—

—

0.1 "

0.1 »

0.1 a

0.1 »

0.1"

0.1"

—

0.1 =

—

MTCA
Method B

Groundwater b

(WAC 173-340)

—

320

—

960

640

—

4,800

640

480

0.012

0.012

0.012

0.012

0.012

0.012

— .

0.012

0.729

MTCA Method
B Surface

Water"
(WAC 173-340)

43

9,880

—

643

3,460

—

25,900

90.2

2,590

0'.0296

0.0296

0.0296

0.0296

0.0296

0.0296

— •

0.0296

4.91

Fresh Water Quality
Criteria/Standards

(40CFR131)0

Acute/
Chronic

—

—
—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

20/7.9'

Human
Consumption
of Organisms

—

—

—

—

14,000

—

110,000

370

11,000

0.031

0.031

0.031

0.031

0.031

0.031

—

0.031

8.2

Estimated
Quantitation

Limit
(SW-846,

Nov. 1992)

—

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

50

Practical
Quantitation

Limit"

—

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

—

Selected
Cleanup

Level

43

9,880

—

643

3,460

—

25,900

90.2

2,590

.0296

.0296

.0296

.0296

.0296

.0296

—

.0296

4.91

NOTES:
a Value for carcinogenic PAHs.
b Values obtained from MTCA Cleanup Levels and Risk Calculations (CLARC II) update.
c AWQC, EPA, 1997. Human health (10-6 risk for carcinogens) for consumption of organisms only.
d PQL estimated based on a survey of local laboratories using EPA Method 8270 SIM-PRO.
= Pentachlorophenol chronic criteria based on pH-dependent formula (expfl .005(pH)-5.290)) at pH 7.8.



Table 4-6 List of Soil Cleanup Levels

Contaminant of Concern

Acenaphthene

Acenaphthylene

Anthracene

Benzene

Benzo (a) anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenzo(a,h)anthracene

Fluoranthene

Fluorene

Indeno( 1 ,2,3,cd)pyrene

Naphthalene

Pentachlorophenol

Phenanthrene

Pyrene

MTCA Method B
Direct Contact3

(mg/kg)
4,800

—

24,000

34.5

0.137

0.137

0.137

—

0.137

0.137

0.137

3,200

3,200

0.137

3,200

8.33

—

2,400

100 x MTCA Method B
Groundwater3 (mg/kg)

96

—

480

4.3

0.0012

0.02

0.0012

—

0.0012

0.0012

0.0012

64

64

0.0012

32

0.1

—

48

NOTES:
a MTCA CLARC II Update, February 1996.



Table 5-1 Summary of Remediation Technologies for Soil

Technology

Excavation

Thermal Desorption

Incineration

Bioremediation
(Landfarming)

Offsite Landfill
Disposal

Results of
Screening

Retained

Retained

Retained

Not Retained

Retained

Screening Criteria

Effectiveness

Effective for limiting potential long-term
exposure to site contaminants

Potential short-term exposure of workers to
contaminants

i

Effective for reducing contaminant volume

Effective for reducing contaminant volume

Moderately effective at reducing contaminant
volume

Not as effective as thermal treatment

Effective for reducing potential long-term
exposure to site contaminants

Cost

High

High

High

Moderate

Moderate to
high

Implementability

Well demonstrated technology

Complete contaminant removal technically
complicated and costly

Can be implemented onsite using readily
available, mobile treatment units

Can be implemented onsite using mobile
treatment units

Permitting often difficult

Requires construction of onsite treatment
facility

Long term treatment period required

Requires offsite transport of contaminated
soils and purchase of clean fill material



Table 5-1 continued

Soil Washing Not
Retained

Potentially effective for reducing volume of soil
requiring treatment

Not as effective as thermal treatment

High Demonstrated technology

Operation requires expertise

Stabilization- Shallow
Soil Mixing

Retained Effective in reducing the mobility and
leachability of hydrocarbons

Moderate Demonstrated technology

Easy to implement with appropriate additive

Capping Retained Effective for reducing potential exposure to site
contaminants

Low Easy to implement

Soil Flushing Not .
Retained

DNAPL likely to inhibit performance Moderate Moderately easy to implement

In Situ Vitrification Not
Retained

Effective for reducing contaminant volume

Can potentially limit future site development

High Requires significant operational expertise

Soil Vapor Extraction Not
Retained

DNAPL likely to inhibit effectiveness for
reducing soil contaminant concentrations

Potentially effective for controlling off gases
produced by groundwater biosparging

Low Demonstrated technology that is easy to
implement and maintain

Bioventing Not
Retained

DNAPL likely to inhibit effectiveness for
reducing soil contaminant

Potentially effective for controlling off gases
produced by groundwater biosparging

Low Demonstrated technology that is easy to
implement and maintain



Table 5-2 Summary of Remedial Technologies for Groundwater

Technology Results of
Screening

Screening Criteria

Effectiveness Cost Implementability

Groundwater
Extraction

Not Retained Ineffective for reducing contaminant volume High Easy to implement and maintain

Long-term operation required

Hydraulic Control Not Retained Effective for preventing offsite migration of
groundwater contaminants

Moderate Easy to implement and maintain

Long-term operation required

Natural
Attenuation

Not Retained Unlikely to be sufficient to meet RAOs Low Naturally occurring process

Impermeable
Barrier Wall

Retained Effective for limiting migration of groundwater
contaminants and DNAPL to Lake Washington

Moderate Demonstrated and readily available
technology for containment

Passive Treatment
Wall

Not Retained Unlikely to be sufficient to meet RAOs High Demonstrated and readily available
technology

DNAPL Recovery
Trench

Retained Effective for limiting offsite migration of upland
DNAPL

Moderate Simple technology that is easy to
implement

Biosparging Retained Effective for limiting offsite migration of
groundwater contaminants

May require addition of SVE or bioventing to
control off gases

May require addition of hydraulic control to meet
RAOs

Moderate Demonstrated and readily available
technology



Table 5-3 Summary of Remediation Technologies for Sediment

Technology Result of
Screening

Screening Criteria

Effectiveness Cost Implementability

Natural Recovery Retained Effective for reducing potential long-term
exposure to site contaminants when
combined with other remedial activities

Low Naturally occurring process

Dredge and Removal Retained Effective for limiting potential long-term
exposure to site contaminants

Potential short-term exposure of workers to
contaminants

Moderate Demonstrated and readily available
technology

Thermal Desorption Retained Effective for reducing contaminant volume Moderate Can be implemented onsite using readily
available, mobile treatment units

Incineration Retained Effective for reducing contaminant volume High Can be implemented onsite using mobile
treatment units

Permitting often difficult

Bioremediation
(Landfarming)

Not Retained Moderately effective for reducing
contaminant volume

Not as effective as thermal treatment

Moderate Requires construction of onsite treatment
facility

Long treatment period required



Table 5.3 continued

Offsite Landfill
Disposal

Retained Effective for reducing potential long-term
exposure to site contaminants

Moderate to
high

Required offsite transport of contaminated
sediments and purchase of clean fill material

Nearshore
Containment Facility

Not Retained Effective for limiting potential long-term
exposure to site contaminants

Requires significant mitigation efforts

Moderate to
high

Complicated by in-lake construction

Nearshore Trap Retained Effective for limiting potential long-term
exposure to site contaminants

Moderate to
high

Complicated by in-lake construction

Capping Retained Effective for reducing potential long-term
exposure to site contaminants

Effective for reducing DNAPL migration to
the Lake and Lake sediments

Low Demonstrated and readily available
technology
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